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[57] ABSTRACT 

An optical recording disk has audio signals recorded as data 
encoded in accordance with DVD specifications, both as 
PCM data and as single bit stream data that are generated by 
sigma-delta modulation, thereby providing both the 
improved audio reproduction capability of single bit stream 
data and also compatibility with existiag types of DVD 
playback apparatus. Data are recorded using proposed new 
DVD stream modes, having 10 data channels, 48 kHz PCM 
sampling frequency and 16 or 20 bits/sample, with the ratio 
(2:8) of data channel capacities allocated to the PCM data 
and single bit stream data being made identical to the ratio 
of the respective bit rates at which the PCM data and single 
bit stream data are generated. 
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TABLE 1 



STREAM MODE 


AMOUNT OF DATA/PACKET 


NO. Or 
CHANNELS 


oAMrLINb 
FREQ (kHz) 


DITO/ 

BITS/ 
SAMPLE 


MAXIMUM IMU. Ur 
SAMPLES/PACKET 


HATA CI7C 

UAI A ol£t 

(BYTES) 




48/96 


16 


1004 


2008 

fe WW 


1 ^IVIUIMUj 


48/96 

TV/ 


20 

few 


804 

vv" 


2010 

few 1 w 


48/96 


24 


670 


2010 

few 1 V 




48/96 

iv/ w\/ 


16 

1 w 


502 


2008 


2(STEREO) 


48/96 


20 

fe W 


402 


2010 


48/96 


24 

fe"T 


334 


2004 

few w~ 




48/96 


16 

1 w 


334 


2004 

fe WW I 


3 


48/96 


20 


268 


2010 




48 


24 


222 


1998 




48/96 


16 


250 


2000 


4 


48 


20 


200 


2000 




48 


24 


166 


1992 




48 


16 


200 


2000 


5 


48 


20 


160 


2000 




48 


24 


134 


2010 


6 


48 


16 


166 


1992 


48 


20 


134 


2010 


7 


48 


16 


142 


1998 


8 


48 


16 


124 


1984 



FIG. 25 

PRIOR ART 
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TABLE 2 



STREAM MODE 


AMOUNT OF DATA/PACKET 


NO. OF 

PHAMMPI Q 
l/nHININCLO 


SAMPLING 

pppn ^WM7^ 
rr\cvj, ^isntj 


BITS/ 

QAMPI F 


MAXIMUM NO. OF 

9AMPLFS/PACKFT 
Onlvirutw/rnwiNt i 


DATA SIZE 
/BYTES} 




XQ/QC 

4o/yb 


lb 


innx 

1UU4 


zuuo 


1 (MONO) 


4o/yo 


on 
zu 


on/ 
0U4 


ZU IU 


4o/yo 


Z4 


R7n 

Of U 


C\J IU 






ID 


ouz 


&UUO 


2(STERE0) 


4o/yo 


on 
ZU 


xno 

4UZ 


ZU IU 


XQ/Ofi 

4o/yb 


ox 
Z4 


004 


ZUlrf 




XQ/QC 

4o/yo 


lb 


004 


onnd 


3 


4o/yb 


on 
ZU 


ZDO 


onin 

ZU IU 




4o/yb 


ox 
Z4 


000 

zzz 


1QQA 




4o/yb 


lb 


o^n 
zou 


ZUUU 


4 


4o/yb 


on 
ZU 


onn 
zuu 


zuuu 




48/yb 


OX 

Z4 


ibb 


100,9 

iyyz 




4o/yb 


lb 


onn 

ZUU 


onnn 

ZUUU 


5 


4o/yb 


on 
ZU 


i en 


onnn 




XQ 
48 


ox 
Z4 


i*5X 
104 


onm 

ZU IU 




4o/yb 


lb 


ibb 


1QQ9 


e 
D 


48 


20 


134 


2010 




48 


24 


111 


1998 




48 


16 


142 


1998 


7 


48 


20 


114 


2006 




48 


24 


94 


1992 




48 


16 


124 


1984 


8 


48 


20 


100 


2000 




48 


24 


82 


1968 



FIG. 26 
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TABLE 3 



STREAM MODE 


AMOUNT OF DATA/PACKET 


NO. OF 
CHANNELS 


SAMPLING 
FREQ. (kHz) 


BITS/ 
SAMPLE 


MAXIMUM NO. OF 
SAMPLES/PACKET 


DATA SIZE 
(BYTES) 


10 


48/96 


16 


100 


2000 


48/96 


20 


80 


2000 



FIG. 27 
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DVD-COMPATIBLE OPTICAL RECORDING 
DISK CONVEYING AUDIO SIGNALS 
ENCODED BOTH AS PCM DATA AND AS 
SINGLE BIT STREAM DATA GENERATED 
BY SIGMA-DELTA MODULATION, AND 
ENCODER APPARATUS AND DECODER 
APPARATUS FOR SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates in general to audio optical 
recording disks for recording audio signals as digital data, 
and to an encoder apparatus and decoder apparatus for 
recording and playback of data to/from such a disk. In 
particular, the invention relates to a new type of audio 
optical recording disk which is in accordance with DVD 
(digital video disk) standards and which enables selection of 
playback of recorded audio data as either PCM (pulse code 
modulation) data or as single bit stream data which has been 



10 



15 



analog) conversion applied to analog audio signals, for 
transfer through a processing system such as an optical disk 
recording/playback system. FIG. 24D illustrates the sigma- 
delta modulation method for generating single bit stream 
data. As shown, conversion of an analog audio signal to a 
stream of single bit stream data is performed by first 
transferring the analog audio signal through a first or 
second-order analog LPF (low-pass filter) 200, then supply- 
ing the resultant signal to an analog sigma-delta modulator 
201. In this example, the sigma-delta modulator 201 consists 
of an input subtractor, an integrator receiving the output 
signal from the subtractor, a 1-bit quantizer which operates 
at a fixed quantization frequency and operates on the output 
signal from the integrator, and a feedback delay element 
(Z" 1 ) providing a delay amount which is equal to one 
quantization period, so that the subtractor subtracts the 
delayed output signal of the quantizer from the input signal 
of the integrator. Since the principles of sigma-delta modu- 
lation are now well known, detailed description will be 
omitted. The resultant output flow of successive 1 or 0-state 



generated by sigma-delta modulation, and to types of bits (referred to herein as "single bit stream data) can be 

are. siiitahle \:^A AlmMl+t « ra^nrAlnrt evetpm tn hp. rppnrHf H nn an 



encoder apparatus and decoder apparatus which are suitable 
for use with such a disk. 
2. Prior Art 

More than ten years have passed since the CD (compact 
disk) was first marketed as an optical recording disk having 
audio signals recorded thereon in digital form, and CDs have 
already surpassed cassette tapes as the main medium used 
for audio recording. Various types of data (Eight to 
Fourteen) modulation and recording method which utilizes 
8-bit fixed-length data symbols, and the CRC method, etc. 
CD players have been correspondingly developed, having 
various types of added application functions. 
An audio signal is recorded on a CD by encoding as PCM 



25 



30 



supplied directly to a recording system to be recorded on an 
optical recording disk, and playback of the optical recording 
disk can subsequently be performed. Such recording and 
playback operations are represented as a "processing sys- 
tem" 202. In this example, the sigma-delta modulation 
sampling frequency (i.e. the bit rate of the resultant data 
stream) is assumed to be 768 kHz. 

By comparison with the conventional PCM method used 
for audio CDs which is shown in FIG. 24A, the oversam- 
pling method which is shown in FIG. 24B, or the analog 
sigma-delta modulation method which is shown in FIG. 24C 
(in which each sample that is obtained by the sigma-delta 
modulation process is encoded as a plurality of bits rather 



An audio signal is recorded oq a uy cutuuing ^ i wvi — r ~ — - ^ - _ . , u 

data, using a sampling frequency of 44.1 kHz and 16 bits per 35 than as a single bit), the single bit stream type of sigma-delta 
sample (i.e. 16 quantization bits), for each of the left (L) and 
right (R) channel stereophonic signals. Such recording pro- 
vides a reproduction bandwidth of approximately 22 kHz, 
and a S/N (signal-to-noise) ratio of approximately 96 dB. In 
the case of CD-ROMs which are used for example in the 40 
field of electronic publishing, audio data are generally 
recorded on such a disk by using ADPCM (Adaptive Dif- 
ferential Pulse Code Modulation) to compress the data. As 
a result, the reproduced sound quality obtainable is inferior 
to that obtainable by audio CDs. 45 

In recent years, it has come to be realized that the 
playback characteristics of the conventional type of CD are 
unsatisfactory, with respect to the reproduction bandwidth 
(i.e. the bandwidth of the analog audio signal obtained by 
playback of data from such a disk) and the signal/noise ratio, 50 
and that there is a need to establish standards for a next- 
generation audio recording disk which will have superior 
characteristics. Basically, the requirements for the charac- 
teristics of such a new type of audio recording disk would be mc aauipuug uv 4 u^iv ; v — ™* - — «v > 
as follows: a reproduction bandwidth of 100 kHz and a 55 i.e. the bit rate of the resultant data stream is 2.82 Mbps. In 
signal/noise ratio that is in the range 120 to 144 dB. that case, the reproduction bandwidth is 100 kHz, and the 
One method which is receiving attention for the purposes signal/noise ratio of the reproduced analog audio signal is 
of implementing such a type of audio disk is the single bit approximately 120 dB. 

stream method, whereby a stream of successive single bits With the prior art PCM method on the other hand, to 
fas respective sample values) is produced as a result of A/D 60 achieve such results, it would be necessary to use for 



modulation has the following advantages: 

(1) The sampling frequency (i.e. the bit rate) can be made 
sufficiently high to enable very effective noise shaping 
to be achieved. As a result, an excellent signal/noise 
ratio can be attained. 

(2) By comparison with the conventional PCM method, 
the reproduction bandwidth can be made substantially 
wider. 

(3) With the single bit stream method, the part of a 
playback system which recovers an original analog 
audio signal from a stream of digital data can be made 
extremely simple, i.e. only an analog LPF is necessary. 
With the conventional methods of FIGS. 24A to 24C, 
on the other hand, it is necessary to utilize a D/A 
converter to implement that function. 

As a specific example, using the single bit stream method 
with a sampling frequency which is 66 times the PCM 
sampling frequency of conventional audio CDs (44.1 kHz), 
the sampling frequency becomes (66x44.1 kHz)=2.82 MHz, 



(analog-to-digital) conversion of an analog audio signal 
rather than a stream of successive multi-bit sample values 
This type of A/D conversion can be performed by sigma- 
delta modulation, for example as described in Japanese 
Patent Application Laid-open (HEI) 6-232755. FIGS. 24Ato 65 
24D are respective block system diagrams for illustrating 
different methods of A/D and subsequent D/A (digital-to- 



example a sampling frequency of 200 kHz with 20 bits per 
sample, so that the transmission frequency of the resultant 
data would be 4.00 MHz. The superiority of the single bit 
stream method is therefore apparent. 

It can thus be understood that adoption of the single bit 
stream method for recording audio signals on optical record- 
ing disks would enable the defects of prior art types of audio 
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CD to be overcome, so that it can be expected that the single It is a further objective of the present invention to provide 

bit stream method will become widely adopted in the field an encoder apparatus for encoding an analog audio signal to 

of audio recording technology. However most of the digital obtain data to be recorded on such an optical recording disk, 

audio recording and playback equipment which is now in and a decoder apparatus for decoding data which are read 

existence is designed for use with the conventional PCM 5 from such an optical recording disk to thereby recover an 

method, and of course most of the recorded media which are original analog audio signal. 

now available utilize the PCM data format. It would not be Since the term "charmer may be assigned various differ- 

practicable, therefore, to expect the users of such optical en t significances, the following practice is followed within 

recording disks to immediately switch over to use of the this specification and in the appended claims. A channel 

single bit stream method. 10 which is one of a plurality of audio sound channels, such as 

On the other hand, standards have already been estab- the stereo R and L channels, will be referred to as an audio 
lished for DVDs, which are expected to become widely used channel. A channel which is constituted by periodically 
in the field of multimedia, and DVD playback systems and occurring sets of bits within a time-division multiplexed data 
AV (audio-video) software are already being marketed, stream (and in particular, within each audio data portion of 
based on the standards which have been established. It can 15 eacn 0 f respective audio packets within a stream of DVD 
thus be anticipated that DVDs will come into widespread data packs) will be referred to as a data channel, 
use, as a high-density recording medium. Basic DVD stan- To obtain ^ above according to a first aspect 
dards which have been established include the DVD-Video ^ invention prov ides an optical recording disk having 
standards, for video disk applications, the DVD-ROM reC orded thereon successive portions of a stream of digitaUy 
standards, for ROM (read-only memory) and the DVD- 20 encodcd audio data> ^ respective audio data portions of 
RAM standards, for RAM (random access memory) apph- successive audio packets , i n a stream mode which is supple- 
cations. Respective standards for the data pack formats of mentary to existing stream modes having from 1 to 8 
these have been established. channels that are established for audio packets recorded in 

Such data pack format standards are illustrated in FIGS. pcM form in accordance ^th a DV D standard, the supple- 

20 to 23. FIG. 20 shows the basic format of a DVD data 25 mentary strcam modc comprising a cyclically recurring 

pack. FIG. 21 shows the format of a video pack which scqucncc of 10 sets of a fixed number of bits, where the fixed 

conveys video data, FIG. 22 shows the format of an audio QUmber ^ cithcr 16 of Wf the sets respectively correspond- 

pack, for the case in which audio signals are encoded as ^ to 1Q data channcls> whcrein first md sccond ones of the 

PCM data, FIG. 23(a) shows the format of a DSI (Data lfJ data channds rcspectively left (L ) channcl ^ 

Search Information) video pack, and FIG. 23(*>) shows the 30 rfght (R) channc] ^ audio signak rcspcctively encoded 

format of a VBI (Video Blanking Information) video pack. ^ pcM data strcams ^ the facd numbcr of bits per data 

It should be noted that the format standards for PCM data samp ] Cf and a remaining 8 of the data channels convey the 

in audio packs are not limited to that shown for PCM data L channcl anak)g audb signfll and the R channd analog 

in FIG. 22. Other audio pack format standards include those audio signal encoded by ag ma -delta modulation as respec- 

established for audio which accompanies various types of 35 Uve stre ams of single bit sequence data, and wherein each of 

video signal, e.g. for the Dolby AC-3 audio system (in ^ audio packets inchldes an j^I portion containing dis- 

accordance with the NTSC video system) system, and for crimination data specifying that the audio data portion of the 

the MPEG (Moving Pictures Experts Group) audio system audio ke( has beeQ recorded m me supplementary stream 

(in accordance with the PAL, SECAM video systems). mode 

Hence considering .the widespread popularity which can 40 ^ pcM 

be anticipated for DVDs in the future, it would be very * 6 ^ tU . 

, ■ * . , . , # m , r tU J . , . - t 0 been encoded at a sampling frequency of 48 kHz, then the 

advantageous to be able to make the single bit stream . , • .„ j * * Li ^7 ( Ui 

.u a * ui • ♦* mm ♦ t« *w smgle bit sequence data are preferably encoded at a bit 

method compatible with the existing DVD standards. In that ^ ^ * „ ' , a , , 

*u j - p tU • i u-. * ~ **u~a ~ r uu frequency of 3.072 Mbps when the fixed number of bits has 

way, the advantages of the single bit stream method with ^ * He a a a > u * a. pi o^nuu, 

J * , t . 6 , a *• u a -a*u a- been set as 16, and encoded at a bit frequency of 3.840 Mbps 

regard to increased reproduction bandwidth and improved 45 ' t u n ; . n r 

. & . . .K . , -i ui . „ when the fixed number of bits has been set as 20. 
signal/noise ratio could be made widely available to users. 

In particular, it should be possible to ensure compatibility The above features can be understood as follows, refer- 

with the PCM data format for audio signals, specified in the ring to FIGS. 25-27, respectively illustrating Tables 1 to 3. 

DVD standards. Table 1 shows the 8 stream modes, utilizing from one to 

so eight data channels with a data transfer rate of 6.144 MHz, 

SUMMARY OF THE INVENTION which are specified for audio packets which convey audio 

It is an objective of the present invention to provide an data encoded in PCM form by the originally established 

optical recording disk for audio reproduction applications, DVD standards. Subsequently, additional standards for such 

which utilize a new stream mode for audio packets that is in DVD audio packets have been proposed, since it has been 

addition to existing stream modes for audio packets con- 55 found that the data transfer rate set by the original standards 

veying audio data encoded by PCM, i.e. is in addition to the is not sufficiently high. Table 2 shows these proposed new 

existing stream modes which are specified in existing DVD standards for 8 stream modes. These are based on a data 

standards for such audio packets, and to thereby provide an t^nsfer rate of 9.8 Mbps, and so provide substantially 

optical recording disk on which audio data are recorded both increased data transfer bandwidth. 

as PCM data and also as single bit stream data. Such an 60 With the present invention, it is proposed to establish 

optical recording disk will provide the improved character- standards for a new stream mode, for 10-channel data 

istics of the single bit stream method as described transfer by DVD audio packets. The embodiments of the 

hereinabove, by comparison with that attainable with con- invention described herein assume the use of this new 

ventional CDs or with existing audio data recorded on stream mode, whose specifications are as shown in Table 3. 

DVDs (i.e. as PCM data), while at the same time having data 65 In Table 3, it should be noted that the values of sampling 

recorded thereon in a format which is based oo the DVD frequency f, (48 kHz) and possible numbers of bits/sample 

standards. (16 or 20) apply to PCM data samples, although both PCM 
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data and single bit stream data are conveyed together by the respective bits of the first and second streams of single 

10 channels. It should also be noted that the value of bit sequence data to the remaining 8 sets of the 10 data 

"number of samples within each packet" actually refers to a channels, for generating the ADI portion of the audio 

total number of [PCM samples+(16-12 bit or 20-bit sets of packet, containing the discrimination data, and for 

single bit stream data] within each packet. It should be 5 attaching the ADI portion to the audio data portion, 

further noted that the values shown for "number of samples With such an encoder apparatus, the L and R channel 

within each packet" and "data size" (i.e. amount of audio analog audio signals are each converted to single bit stream 

data conveyed by each packet) are given by way of example, data form, by sigma-delta modulation using 1-bit quantiza- 

and that the invention is not limited to the use of these tion and the single bit stream data are then converted to PCM 

specific values. 10 data by data conversion means. Assuming that the PCM 

As a specific example of using this new stream mode, if sample rate is 48 kHz, then if the number of bits/sample is 

two (Lchannel, R channel) analog audio signals are encoded 16, the bit rate of the single bit stream data should be 3.072 

by PCM at a sampling frequency of 48 kHz, with the number Mbps, while if the number of bits/sample of the PCM data 

of quantization bits (i.e. bits per sample) being 16, then the is 20, then the bit rate of the single bit stream data should be 

basic data transfer rate (i.e. the rate at which the encoded ^ 3.840 Mbps. The formatting means, operating on the basis of 

data are generated is 1 .536 Mbps (i.e. 2x48x16). If the same * stream mode shown in Table 3, allocates the PCM data to 

two analog audio signals are encoded in single bit stream two of the 10 data channels, and allocates the single bit 

form by sigma-delta modulation, and if the basic data stream data to the remaining 8 of the 10 data channels. In 

transfer rate is made four times that of the PCM data (i.e. is addition, to provide an indication that the optical recording 

made 6.144 Mbps), then it will be apparent that it becomes 20 disk has data recorded in accordance with a special stream 

possible to convey the PCM data (time-axis compressed to mode, discrimination data indicating that fact are recorded 

a data rate of 6.144 MHz) by two of the 10 data channels, within the ADI section of each audio packet, 

and convey the single bit stream data by the remaining 8 Alternatively, the PCM data recorded on the optical 

channels, then the respective data flows can be exactly recording disk may have been encoded at a sampling fre- 

matched to the channel carrying capacities (i.e. since the 25 quency of 44.1 kHz, with the smgle bit sequence date 

ratio of these capacities is 2:8, i.e. 1:4). This can be achieved encoded at a bit frequency of 3.072 Mbps when the fixed 

by encoding each of the L and R channel analog audio number of bits has been set as 16 and encoded at a bit 

signals as single bit stream data at a rate of 6.144/2 Mbps, frequency of 3.840 Mbps when the fixed number of bits has 

i.e. 3.072 Mbps, assigning the resultant L channel single bit been set as 20, and with a number of audio data bits of the 

stream data to four of the aforementioned 8 remaining data ™ PCM data of each of the first and second data channels in 

channels, and assigning the resultant R channel single bit each of the audio data portions having been made equal to 

stream data to the remaining four data channels. In that way, * total number of bits of the PCM data multiplied by a factor 

the L and R channel analog audio signals can be conveyed (44.1/48), through insertion of a predetermined number of 

by the 10 data channels as both PCM data and single bit padding bits in addition to the PCM data in each of the first 

stream data 35 ^ s^ 11 ** data channels of the audio data portion, and with 

_ .... - , . , ... the discrimination data of each ADI portion further contain- 

It win be apparent tat such an optical 1 recordmg wiU ^ ^ ^ 

enable selective playback of the two differently encoded ^ P £ been generated at a sampling frequency of 

types of data, each expressing the L and R channel analog ^ ^ & r 

audio signals, i.e. by selecting the contents of the first two . . j- j- 1 .u a * =. 

I i d * n 1 * i- i c*u lui^^fi 40 With such an optical recording disk, the PCM data are 

channels of the 10 data channels of the playback data flow r . . e aa \ vlj, „ t u;~u ,v »k« 

J* l j ■ i nr ™ g j t u+ . *, . - k „ Ua recorded at a sample frequency of 44.1 kHz, which is the 

read from such a disk PCM data is obtained ^ which can be g P freque ^ cyus ; dfor pcM data recorded on 

supplied to any existing audio system ^ which has been ^ op ^ 0 the sampling frequency of 48 kHz which 

designed to operate on PCM-encooed audio data wfcch are fa PCM aud todaS recorded on DVDs. As a 

read out from a DVD. Alternatively, by selecting the con- „ . . . - „ K/f , t „ . A • 0 . 

, £ , . . 0 « . f u » u «.i, n f 45 result, the quantity of PCM audio data recorded in each 

tents of the remaining 8 channels of the 10 data channels of * . /. j j . «u 

Z , i . -iuv* Ai • audio packet must be reduced by comparison with the case 

the playback data flow, smgle bit stream data are obtained, . , * . . „ J . u . , , . 

Z- I i_ i- a * a * * ' *u * u „ u ' in which the sampling frequency is 48 kHz, i.e. reduced by 

which can be supplied to an audio system tha has ^been ^ * ma ^ reaso ^ padding bits ^ attacned 

designed to utilize the superior reproduction characteristics pcM ^ ^ ^ ^ Qf £ data * chaflnels in each 

available with the single bit stream method. r , . 4 , . ... ~ ~ 0 
6 ..50 of the audio packets, such as to maintain a ratio of 2:8 

According to a second aspect, the invention provides an between the amounts of data recorded in PCM form and data 

encoder apparatus for generating a recording signal for recorded ^ single bit stream form , It is enS ured that such 

recording data in the supplementary mode on such an optical padding bits ^ have no effecl upon me reproduced audio 

recording disk, with the encoder apparatus comprising: sigQa]? e g by making these ^ U{f , bits Io additioilj the 

first and second sigma-delta modulators for respectively 55 encoder apparatus inserts discrimination data into the ADI 

converting the L channel analog audio signal and R sections of the audio packets, which indicates that the audio 

channel analog audio signal to first and second streams portion of each packet has been recorded using a special 

of single bit sequence data, stream mode, i.e, indicating one of the modes shown in 

data converter means for converting the first and second Table 3 while also indicating that the PCM audio data have 

streams of single bit sequence data to respective first 6 o been recorded using a sampling frequency of 44.1 kHz, 

and second PCM data streams at the sampling fre- rather than 48 kHz. 

quency of 48 kHz and with the fixed number of bits per According to a third aspect, the invention provides an 

data sample, and encoder apparatus for generating a recording signal for 

formatting means for generating each of the audio data recording data in the supplementary mode on such an optical 

portions of respective audio packets by assigning 65 recording disk in which PCM data have been recorded using 

respective bits of the first and second PCM data streams a sampling frequency of 44.1 kHz, with the encoder appa- 

to the first and second data channels, and assigning ratus comprising: 
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first and second sigma-delta modulators for respectively 
converting the L channel and R channel analog audio 
signals to first and second streams of single bit 
sequence data, 

data converter means for converting the first and second 5 
streams of single bit stream data to respective first and 
second PCM data streams at the sampling frequency of 
44.1 kHz and with the fixed number of bits per data 
sample, and 

formatting means for generating each of the audio data 10 
portions of respective audio packets by assigning 
respective bits of the first and second PCM data streams 
and the padding bits to the first and second data 
channels, and assigning respective bits of the first 
single bit sequence data and second single bit sequence 
data to the remaining 8 sets of the 10 data channels, for 
generating the ADI portion of the audio packet, con- 
taining the discrimination data, and for attaching the 
ADI portion to the audio data portion. 
Thus with such an encoder apparatus, the PCM data are 
recorded on two of the 10 data channels of one of the stream 
modes shown in Table 3, at a sampling frequency of 44.1 
kHz, and the formatting means periodically attaches sets of 
the aforementioned padding bits to the recorded PCM data 
of each of the two data channels. In other respects, it can be 
understood that the basic configuration of such an encoder 
apparatus is substantially identical to that of an encoder 
apparatus according to the present invention for recording 
audio data on optical recording disks with a PCM sampling 
frequency of 48 kHz. 3Q 

According to a fourth aspect, the invention provides a 
decoder apparatus for operating on a playback data stream 
read from either of the two types of optical recording disk 
defined above, with the decoder apparatus comprising 

mode setting means for selectively setting a PCM decod- 35 

ing mode and a single bit sequence decoding mode, 
discrimination means for detecting the discrimination 
data of the ADI portions of the playback data stream, 
and for judging the discrimination data to determine 
whether the optical recording disk has audio data ^ 
recorded thereon in the supplementary stream mode, 
deformatting means functioning, when the discrimination 
means has determined that the optical recording disk 
has audio data recorded thereon in the supplementary 
stream mode, to separate the PCM data conveyed by 4S 
the first and second data channels and the single bit 
sequence data conveyed by the remaining 8 data chan- 
nels of the playback data stream into a first output data 
stream (SA) and second output data stream (SB) 
respectively, and for producing only the first output 50 
data stream (SA) when the PCM decoding mode has 
been set and producing only the second output data 
stream (SB) when the single bit sequence decoding 
mode has been set, 
first channel separator means (42) for separating and 55 
processing the first output data stream (SA) into a 
stream of PCM data corresponding to the L channel 
analog audio signal and a stream of PCM data corre- 
sponding to the R channel analog audio signal, 
first and second D/A (Digital-to-Analog) converter means eb 
(44, 45) for respectively converting the streams of 
PCM samples corresponding to the the L channel 
analog audio signal and R channel analog audio signal 
to the L and R channel analog audio signals 
respectively, 65 
second channel separator means (43) for separating and 
processing the second output data stream (SB) into a 
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stream of single bit sequence data corresponding to the 
L channel analog audio signal and a stream of single bit 
sequence data corresponding to the R channel analog 
audio signal, and 
first and second low-pass filters (46, 47) for respectively 
converting the streams of single bit sequence data 
corresponding to the L channel analog audio signal and 
R channel analog audio signal to the L channel and R 
channel analog audio signals. 
As described hereinafter referring to preferred 
embodiments, such a decoder apparatus can be configured to 
process the playback data from either of the two types of 
optical recording disk according to the present invention 
described above, i.e. utilizing either a 48 kHz or a 44.1 kHz 
sampling frequency for PCM data. Specifically,- the decoder 
apparatus judges (based on the discrimination data contained 
in the ADI sections of reproduced audio packets) whether 
the optical recording disk has recorded thereon and data in 
both PCM and single bit stream form, and if so, the type of 
PCM data. The deformatting section of the decoder appa- 
ratus then separates the playback data into the two PCM data 
channels and the single bit stream data. The user can 
selectively specify audio signal reproduction using either the 
PCM data or the single bit stream data, by using a mode 
setting means. Irrespective of which mode is specified, the 
selected encoded data are converted into two data streams 
corresponding to the L and R analog audio signals. If the 
PCM playback mode has been selected, then these two data 
streams are supplied to respective A/D converters, while if 
the single bit stream data playback mode has been selected, 
the two data streams are supplied to respective low-pass 
filters, to obtain the desired L and R channel analog audio 
signals. 

If it is found from the discrimination data of the ADI 
sections that the PCM data have been recorded at the 44.1 
kHz sampling frequency, i.e. with padding bits inserted, then 
the deformatting means will ignore any string of "0" bits, i.e. 
such bits will not be treated as PCM audio data bits and so 
will have no effect. 

According to a fifth aspect, the invention provides an 
optical recording disk having recorded thereon successive 
portions of a stream of digitally encoded audio data, as 
respective audio data portions of successive audio packets, 
in a stream mode which is supplementary to existing stream 
modes having from 1 to 8 channels that are established for 
audio packets recorded in PCM form in accordance with a 
DVD standard, the supplementary stream mode comprising 
a cyclically recurring sequence of 10 sets of a fixed number 
of bits, where the fixed number is predetermined as either 16 
or 20, the sets respectively corresponding to 10 data 
channels, 

wherein first and second ones of the 10 data channels 
respectively convey, encoded as respective PCM data 
streams with the fixed number of bits per data sample, 
first (Lt) and second (Rt) combination channel signals 
which in combination convey three front channel (L, C, 
R) analog audio signals and one rear channel (R) 
analog audio signal, with the front channel and rear 
channel analog audio signals having^ been encoded to 
form the first (Lt) and second (Rt) combination channel 
signals by the Dolby Surround encoding method, 

wherein a remaining 8 of the data channels convey the 
three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit sequence data, and 

wherein each of the audio packets includes an ADI 
portion containing discrimination data specifying that 
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the audio data portion of the audio packet has been 
recorded in the supplementary stream mode and speci- 
fying that the first and second combination channel 
signals have been generated by the Dolby Surround 
encoding method. 5 
According to a sixth aspect, the invention provides an 
encoder apparatus for generating a recording signal for 
recording data in the supplementary stream mode on such an 
optical recording disk, with the encoder apparatus compris- 
ing: 10 
sigma-delta modulators for converting the three front 
channel (L, C, R) analog audio signals and one rear 
channel (R) analog audio signal to respective ones of 4 
streams of single bit sequence data, 
encoding means for encoding the streams of single bit ^ 
sequence data to form the first and second combination 
channel signals (Lt, Rt) as respective streams of single 
bit sequence data, by the Dolby Surround encoding 
method, 

first and second data converter means for converting the 
first and second combination channel signals (Lt, Rt) to 
respective first and second PCM data streams at the 
sampling frequency of 48 kHz and with the fixed 
number of bits per data sample, 

bandwidth compression means for applying bandwidth 
compression by a factor of H to each of the 4 streams 
of single bit sequence data, and 

formatting means for generating each of the audio data 
portions of respective audio packets by assigning 
respective bits of the first and second PCM data streams 3Q 
to the first and second data channels and assigning 
respective bits of the 4 streams of single bit sequence 
data to the remaining 8 data channels, for generating 
the ADI portion of the audio packet, containing the 
discrimination data, and for attaching the ADI portion 3S 
to the audio data portion. 

According to a sixth aspect, the invention provides an 
encoder apparatus for operating on a playback data stream 
read from such an optical recording disk, with the encoder 
apparatus comprising: 40 

mode setting means for selectively setting a PCM decod- 
ing mode and a single bit sequence decoding mode, 

discrimination means for detecting the discrimination 
data of the ADI portions of the playback data stream, 
for thereby judging whether the optical recording disk 45 
has audio data recorded thereon in the supplementary 
stream mode and whether the audio data include the 
Dolby Surround encoded data, 

deform atting means functioning, when the discrimination . 
means has determined that the optical recording disk 50 
has audio data recorded thereon in the supplementary 
stream mode and that the recorded data include the 
Dolby Surround encoded data, to separate the PCM 
data conveyed by the first and second data channels and 
the single bit sequence data conveyed by the remaining 55 
8 data channels of the playback data stream into a first 
output data stream (SA) and second data stream (SB) 
respectively, and for producing only the first output 
data stream (SA) when the PCM decoding mode has 
been set and producing only the second output data eo 
stream (SB) when the single bit sequence decoding 
mode has been set, 

first channel separator means for separating and process- 
ing the first output data stream (SA) to obtain the first 
combination channel signal (Lt) and second combina- 65 
tion channel signal (Rt) as respective PCM data 
streams, 
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decoding means for decoding the first and second com- 
bination channel signals to obtain four PCM data 
streams respectively corresponding to the four channel 
(L, C, R, S) analog audio signals, 

digital-to-analog converter means for converting the four 
PCM data streams to the four channel (L, C, R, S) 
analog audio channel signals respectively, 

second channel separator means for separating and pro- 
cessing the second output data stream into four streams 
of single bit sequence data respectively corresponding 
to the four channel (L> C, R, S) analog audio signals, 
and 

low-pass filter means for converting the four streams of 
single bit sequence data to the four-channel (L, C, R, S) 
analog audio signals. 

According to a seventh aspect, the invention provides an 
optical recording disk having recorded thereon successive 
portions of a stream of digitally encoded audio data, as 
respective audio data portions of successive audio packets, 
in a stream mode which is supplementary to existing stream 
modes having from 1 to 8 channels that are established for 
audio packets recorded in PCM form in accordance with a 
DVD standard, the supplementary stream mode comprising 
a cyclically recurring sequence of 10 sets of a fixed number 
of bits, where the fixed number is predetermined as either 16 
or 20, the sets respectively corresponding to 10 data 
channels, 

wherein first and second ones of the 10 data channels 
convey, encoded as PCM data with the fixed number of 
bits per sample, a stream of combination audio data 
derived by encoding N-channel analog audio signals 
using a predetermined audio channel encoding method, 
where N is a fixed plural integer, 

wherein a remaining 8 of the data channels convey the 
combination audio data, encoded by sigma-delta modu- 
lation as respective streams of single bit sequence data, 
and 

wherein each of the audio packets includes an ADI 
portion containing discrimination data specifying that 
the audio data portion of the audio packet has been 
recorded in the supplementary stream mode and speci- 
fying that the packet conveys combination audio data 
which have been generated by the predetermined audio 
channel encoding method. 
According to an eighth aspect, the invention provides an 
encoder apparatus for generating a recording signal for 
recording data in the supplementary stream mode on such an 
optical recording disk, with the encoder apparatus compris- 
g: 

sigma-delta modulators for converting the N-channel ana- 
log audio signals to respective streams of single bit 
sequence data, 
encoding means for encoding the streams of single bit 
sequence data to form the combination audio data, by 
the predetermined audio channel encoding method, 
data converter means for converting the combination 
audio data stream to a PCM data stream at the sampling 
frequency of 48 kHz and with the fixed number of bits 
per data sample, 
bandwidth compression means for applying bandwidth 
compression by a factor of 2/N to each of the streams 
of single bit sequence data, and 
formatting means for generating each of the audio data 
portions of respective audio packets by assigning 
respective bits of the PCM data stream to the first and 
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second data channels and assigning respective bits of the program of the system controller of an existing DVD 

the each of the streams of single bit sequence data to the decoder apparatus such that the system will recognize when 

remaining 8 data channels, for generating the ADI a stream mode in accordance with Table 3 is indicated by the 

portion of the audio packet, containing the discrimina- discrimination data in the ADI sections of data packets, and 

tion data, and for attaching the ADI portion to the audio 5 will then extract and decode the PCM audio data from 

data portion. successive audio packets of the playback data obtained from 

According to a ninth aspect, the invention provides a such an optical recording disk, 

decoder apparatus for operating on a playback data stream Similarly, it will be clear that existing audio reproduction 

read from such an optical recording disk, with the decoder for use with CDs could readily be modified to handle optical 

apparatus comprising io recording disks according to the present invention having 

mode setting means for selectively setting a PCM decod- audio signals recorded with a PCM sampling frequency of 

ing mode and a single bit sequence decoding mode, 44.1 kHz. 

discrimination means for detecting the discrimination Ttus, such a type of optical recording disk provides a 

data of the ADI portions of the playback data stream, substantial degree of compatibih y with existag DVD and 

for thereby judging whether the optical recording disk 15 CD reproduction equipment while enabling future types of 

has audio data recorded thereon in the supplementary DVD apparatus to provide the very high fidelity of audio 

stream mode and whether the audio data include com- reproduction that is possible with the single bit stream data 

bination audio data encoded by the predetermined encoding method. 

audio channel encoding method, BRIEF DESCRIPTION OF THE DRAWINGS 

• 20 

deformatting means functioning, when the discrimination F[G 1 ^ a circuit block ^ l2Lm 0 f a first embodiment of 

means has determined that the optical recording disk m encoder apparatus for generating a recording signal for an 

has audio data recorded thereon in the supplementary audio opt i ca i recording disk according to the present inven- 

stream mode and that the recorded data include the ^ Qn . 

combination audio data encoded by the predetermined ^ F[G 2 mustrates me manner of allocating PCM data and 

audio channel encoding method, to separate the PCM &[ . & bU stream da{a tQ respeclive channe is of a data stream 

dataconveyedbythefirstandseconddatachannelsand which ig co d by audio packels> and me maDner of 

the single bit sequence data conveyed by the remaining Siting ddin bits mt0 PCM dala which been 

8 data channels of the playback data stream into a first TCCOtdQ6 at a ^piing frequency of 44.1 KHz.; 

output data su-eam and second data stream respectively, 3o RG 3 ^ g ^ ^ of & DVD 

"? i °? y ^J*? °u P f !, system which incorporates an embodiment of a decoder 

when the PCM decoding mode has been set and pro- ^ accor ding to the present invention; 

ducing only the second output data stream when the W ^ * • uu -*u vn\A 

• i l- ( „„. A~^A\ n „ a~ Uc u„ n FIG. 4 is a flow chart of processing whereby either a PCM 

single bit sequence decoding mode has been set, , , , , • i * i i_ i j * 

*T ^ „ . 4l _ - t . . . . playback mode or a single bit stream playback mode is 

decoding means for operaUng on the first output data 3S for dccoder s cmbodiment of na 3. 

stream to obtain N streams of PCM audio data respec- FIG. 5 is a flow chart of respective operating sequences 

tavely^corresponchng to the N-channel analog audio M ^ fa ^ ^ ^ 

. ,. . , - audio optical recording disk according to the present 

N-channel analog-to-digital converter means for convert- m acoord ance with the playback mode which is 

ing the N channels of PCM audio data to the N-channel 40 selected by ^ processing of mG 4. 

analog audio signals, F[G 6 ^ a citaji{ bJock diagram of a second embo diment 

channel separator means for separating and processing the of m encoder appar atus according to the present invention, 

second output data stream into N streams of single bit for use with the Dolby surround multi-channel audio sys- 

se que nee data respectively corresponding to the tem . 



N-channel analog audio signals, and 45 



FIG. 7 is a functional block diagram of a Dolby Surround 



N low-pass filters for respectively converting the N encoder f or use in the encoder apparatus embodiment of 

streams of single bit sequence data to the N-channel pj G 

analog audio signals, FIG* 8 is a circuit block diagram of a second embodiment 

The audio channel encoding method used with such an rf a dccQder ^ accordin to ^ t invention> 

opucal recording disk may be in accordance < with the Dolby so for ^ ^ ^ Dolb Snmund mu iti^ hannel ft audio 

AC-3 multi-channel audio system. Alternatively, it may be svs tem- 

in accordance with the DTS (Digital Theater System) multi- y r ..' . - 1U1 , f n n, c a 

t 1 j . , ,l enne /c 1^1 iv 1 FIG. 9 is a functional block diagram of a Dolby Surround 

channel audio system, or the SDDS (Sony Dynamic Digital . , 6 . ' , 

« jv i.. / ij- * decoder for use in the decoder apparatus embodiment of 

Sound) multi-channel audio system. „ rr 

It can thus be understood that by using the proposed 55 " ' . . . , J . , , . ,. 

stream modes of FIG. 3 for optical recording disks according FIG - 10 15 a circuit block a**™ °f a ^ embodiment 

to the present invention, it becomes possible to record °* ™ ^dcr apparatus according to the present invention, 

two-channel or multi-channel analog audio signals as PCM for use Wlth the Dolby-AC-3 multi-channel audio system; 

data on two of the 10 data channels of such a stream mode FIG. 11 is a functional block diagram of a Dolby-AC-3 

and to also record these analog audio signals as single bit 60 encoder for use in the encoder apparatus embodiment of 

stream data on the remaining 8 data channels. Since the FIG. 10; 

stream modes of FIG. 3 are closely based on the existing FIG. 12 is a circuit block diagram of a third embodiment 

stream modes for DVDs, shown in Table 1, it will be of a decoder apparatus according to the present invention, 

apparent that such optical recording disks are basically for use with the Dolby-AC-3 system; 

compatible with existing types of DVD playback apparatus. 65 FIG. 13 is a functional block diagram of a Dolby-AC-3 

Compatibility can be achieved in the case of recorded L and decoder for use in the decoder apparatus embodiment of 

R-channel audio signals, for example, by slightly modifying FIG. 12; 
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FIG. 14 is a functional block diagram of an embodiment be described in detail, since identical processing is applied 

of a DTS encoder for use with the DTS multi-channel audio to the R-channel signal. Firstly, the input L-channel analog 

system, in a DTS encoder apparatus which is a modification audio signal is supplied to the LPF 1 to be limited in 

of that shown in FIG. 10- bandwidth, and the resultant signal is supplied to the analog 

CTP 1e . , " , e „ r«iTc A 0 ^A» r 5 sigma-delta modulator 3. l-bit quantization by sigma-delta 

FIG. 15 * a Actional block diagram of a DTS decoder, 5 ^ ied to ^ ^ audio si x b ^ 

for use in a DTS decoder apparatus which is a modification anak)g sigma ^f ta modu i at0 r 3, to obtain a resultant 

of that shown in FIG. 12; encoded digital signal, i.e. a flow of single bit stream data 

FIG. 16 is a circuit block diagram of a fourth embodiment denoted as B(L) in FIG. 1, at a bit rate of 3.072 Mbps. 

of an encoder apparatus according to the present invention, Although this is a digital signal, it retains the frequency 

for use with the SDDS multi-channel audio system; spectrum of the analog audio signal supplied from the LPF 

FIG. 17 is a functional block diagram of a SDDS encoder 1. 

for use in the encoder apparatus embodiment of FIG. 16; The single bit stream data from the analog sigma-delta 

FIG. 18 is a circuit block diagram of a fourth embodiment modulator 3 are input to the data converter 5, and are also 

of a decoder apparatus according to the present invention, is supplied to one input of the formatting section 7. It will first 

for use with the SDDS system; be assumed that with this embodiment, the data converter 5 

FIG. 19 is a functional block diagram of a SDDS decoder converts the single bit stream data to PCM data at a PCM 

for use in the decoder apparatus embodiment of FIG. 18; sampling frequency of 48 kHz, with 16 bits/sample. The 

. j . M1 , . . fl f . . resultant stream of PCM data, denoted as A(L) in FIG. 1, is 

FlG.20is adia^amdlustratmgthe basic configuraUon of > formatting section 7. Tims 

a data pack which is in accordance with the DVD standards; 20 P ^ ^ rf ^ ^ ^ 

FIG. 21 is a diagram illustrating the configuration of a s ] &s ^s 9 i. e . two single bit stream data signals each at a bit 

video pack which is in accordance with the DVD standards; rate of 3 072 mpbs? respectively conveying the L and 

FIG. 22 is a diagram illustrating the configuration of an R-channel analog audio signals, and two PCM data signals 

audio pack which is in accordance with the DVD standards; ^ which also respectively convey the L and R-channel analog 

FIG. 23 illustrates the respective configurations of a DSI audio signals, each having a sampling frequency of 48 kHz 

pack and a VBI pack, which are in accordance with the DVD with 1 6 bits/sample. 

standards; The operation of the formatting section 7 in that case is 

FIGS. 24A, 24B, 24C are respective block system dia- based on the first of the two stream modes shown in Table 

grams of examples of prior art systems for digital encoding 30 3, i.e. which specifies a PCM data sampling frequency of 48 

of audio signals for recording/playback processing, while kHz, with 16 bits/sample. As described above, each of these 

FIG. 24D is a corresponding diagram for illustrating the stream modes provides 10 data channels, and the present 

single bit stream encoding technique used with the present invention proposes to add these stream modes to the stream 

invention; modes which are currently specified by the DVD standards. 

HO. 25 includes Table 1 showing 8 stream modes sped- 35 For ease of description the stream modes of Table 3 will be 

fied for audio packets in PCM form by the originally refe F red * " foU T ng f **, su PP Ien f"» l str . e f. m 

established DVD standards; ^^^,A^*!T^J^^m$™ 

■ j 10 data channels (designated as chO and chl in FIG. 2) are 

FIG. 26 includes Table 2 which shows the proposed new ^ gmd t0 me PC M data, e.g. with the PCM data being 

standards for 8 stream modes; and ^ ^ successive 16-bit samples by the first two data 

FIG. 27 shows Table 3 which proposes standards for a channels respectively (i.e. the PCM data are conveyed as 

new stream mode, for 10-channel data transfer by DVD successive sets of 32 bits, in respective audio packets), while 

audio packets in accordance with the embodiments of the ^ single bit stream data are conveyed by the remaining 8 

present invention. data channels (i.e. the single bit stream data are conveyed as 

np^rRiPTfON OP PRFFFRRFD 45 successive of 128 bits > ™ respective audio packets). The 

DESCRIPTION MM PREFERRED manner of allocating the single bit stream data to these 8 data 

fcMBUDlMfcN 1 5 channels is illustrated in FIG. 2. As shown, successive sets 

FIG. 1 is a system block diagram of a first embodiment of of 16 consecutive bits of the single bit stream data, desig- 

an encoder apparatus for recording L and R-channel analog nated as L0, LI, L2, etc. in the upper part of diagram (a) of 

audio signals as digital data on an optical recording disk 50 FIG. 2, are assigned to respective ones of the 8 data 

according to the present invention. In FIG. 1, numerals 1 and channels, which are designated as ch2, ch3, . . . ch9 in the 

2 denote respective LPFs (low-pass filters) and 3 and 4 lower part of diagram (a) of FIG. 2. 

denote respective analog sigma-delta modulators, each The rate of generating the PCM data which are supplied 

formed of an adder, an analog integrator, a 1-bit quantizer, to the formatting section 7 is 1.536 Mbps, i.e. 2 (L and R 

and a 1-clock period delay unit. Numerals 5 and 6 denote 55 audio channels)xl6 (bits/sample) x48 kHz (sampling 

respective data converters for converting single bit stream frequency). The rate of generating the single bit stream data 

data to PCM data. A formatting section 7 generates succes- which are supplied to the formatting section 7 is 6.144 

sive formatted audio packets, each basically being of the Mbps, i.e. 2 (L and R audio channels)x3.072 Mbps. The 

form shown in FIG. 22, but with both PCM data and single ratio of these two bit generation rates, Le. 1.536:6.144 is 

bit stream data being recorded in the audio data portion of go exactly equal to the ratio 2:8. It can thus be understood that 

each packet, i.e. data of the four input data streams which are by assigning respective transmission channel capacities to 

supplied to the formatting section 7 from the data converters the PCM data and the single bit stream data which are in the 

5, 6 and the sigma-delta modulators 3, 4. A modulator 8 ratio 2:8 as shown in FIG. 2, the time-axis relationship 

serves to modulate a recording signal in accordance with between the pair of audio signals encoded as the PCM data 

DVD standards, to record the successive audio packets. 55 and the signals encoded as the single bit stream data can be 

In the following, for brevity of description, only the maintained constant, throughout a data transmission/ 

processing applied to the l^channel analog audio signal will reception or recording/reproduction process. 
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The formatting section 7 forms the audio data portions of way as described above for the case of 16 bps, satisfactory 

successive audio packets by assigning the PCM data and operation is ensured by allocating two of the 10 data 

single bit stream data in the above manner, i.e. to thereby channels of the supplementary stream mode to the PCM 

form each audio data portion as 2000 bytes, as specified in data, and allocating the remaining 8 data channels to the 

Table 3. In addition the formatting section 7, when gener- 5 single bit stream data. 

ating the ADI (Audio Data Information) portion of each A second embodiment of an encoder apparatus according 

audio packet, inserts specific data into the ADI for indicating to the present invention will now be described for recording 

that the audio packet (and hence the optical recording disk) . ^coded audio data on an optical ^ding disk according to 

contains audio data encoded in accordance with a supple- ^^"Tvu^A^ 

j • r i~ . _ m frequency of 44.1 kHz rather than 48 kHz. The configuration 

mentary stream ^mode, ix. one of the two stream modes 10 ^ ^ Qf ^ embodiment are respectively 

shown in Table 3. The optical recordmg disk can thereby be substantially identical t0 those 0 f the first encoder apparatus 
distinguished from a standard type of DVD, by a decoding embodiment Ascribed above and shown in FIG. 1, so that 
apparatus when the optical recording disk is played. Such mis embodiment will be assumed to be implemented as a 
specific data for indicating use of a supplementary stream seC ond mode of operation of the encoder apparatus shown in 
mode will be referred to in the following as the discrimi- 15 pj G ^ ^ e mat mc opera tion of each of the data converters 
nation data. 5 an d 6 and of the formatting section 7 can be modified by 
A suitable internal configuration of the formatting section externally supplied selection command signals which des- 
7 can be easily envisaged by a skilled individual, since ignate either a 48 kHz or a 44.1 kHz mode of operation. That 
methods of executing the basic operations required (U. is to say, the second mode of operation of the encoder 
time-axis compression applied to the respective input data 20 apparatus is established" by supplying such a selection corn- 
streams, by appropriate memory read/write operations, and mand signal to the data converters 5, 6 and the formatting 
selective combining of the compressed data by multiplexing, section 7, designating the 44.1 kHz ^mode. Operation with a 
in accordance with the data channel arrangement shown in 16 bits per sample .PCM data wdl first be assumed. ^ In mat 

FIG. 2, to form respective audio data portions of successive «™> <f* 

j. i * \ hi r? ™«™ 25 generate single bit stream data at the 3.072 Mbps rate, in the 

audio packets) are well faiown. For that reason, detailed 25 8 ^ ^ ^ ^ ^ ^ frequeDcy 

description will be omitted. However each of the data converters 5 and 6 generates PCM 

The audio packets thus generated successively by the data with a sampling frequency of 44.1 kHz. 

formatting section 7, after attachment of pack headers to M noted above ^ when ^ pCM samp i mg frequency is 48 

form respective data packs, are supplied to the modulator 8, ^ ^ ^ each of the single bit stream data signals are 

which modulates a recording signal with these data packs, in generated at 3.072 Mbps, use of the data channel allocation 

accordance with DVD standards, and the data are then arrangement shown in FIG. 2 makes it possible to exactly 

recorded on an optical recording disk. match the ratio 0 f tae rates at wn i cn me pcM data and single 

It can thus be understood from the above that with an bit stream data are supplied to a formatting section (to be 

optical recording disk according to the present invention, 35 inserted into data channels) to the ratio of the respective 

audio data are recorded as a sequence of audio packets, with channel data-transmission capacities assigned to them, 

the encoded data arranged within each audio packet in the However with a PCM sampling frequency of 44.1 kHz, this 

manner shown in the lower part of diagram (a) of FIG. 2. & n o longer true, i.e. the rate of generation of PCM data 

The information contents conveyed by the encoded data, e.g. becomes reduced by a factor 44.1/48 by comparison with 

a musical item, are thereby encoded in two basically differ- ^ US e of the 48 kHz sampling frequency. Assuming the 2000 

ent ways, i.e. as PCM data and as single bit stream data. bytes of audio data are conveyed by each audio packet, as 

In the above, it has been assumed that the first of the specified for the stream modes in Table 3, this amounts to a 

supplementary stream modes shown in Table 3 is utilized, reduction of 325 bytes per audio packet, ix. 2000 (bytes)x 

i.e. having 10 data channels, and with the PCM data having (Vio)x{l-(44.1/48)}. For that reason, it is necessary to insert 

a sampling frequency of 48 kHz and 16 bits per sample. 45 32.5 padding bytes (ix. 260 bits) into each audio packet. 

However it would be equally possible to use the second This is done as follows. Since the total number of PCM data 

stream mode of Table 3, i.e. having 10 data channels, a PCM bytes in each audio packet should be 400 (i.e. with the 

sampling frequency of 48 kHz, but 20 bps. In that case, each aforementioned ratio of 2:8 for the PCM data and single bit 

of the analog sigma-delta modulators 3 and 4 will be stream data), there will be 100 occurrences of the chO bits 

configured to execute quantization at a rate of 3.840 Mbps, 50 and chl bits in each audio packet, with each occurrence 

while each of the data converters 5 and 6 will be configured containing 4 bytes. Thus, compensation can be performed by 

to convert the corresponding flow of single bit stream data maintaining the total number of PCM data bytes in each 

to PCM data having a sampling frequency of 48 kHz and 20 audio packet as 400, setting each of the final pair of bits of 

bits per sample. The operation would then be substantially the 92-nd occurrence of the chO bits and the chl bits within 

the same as that described above for the case of 16 bits per 55 the audio data portion of each audio packet to the "0" state, 

sample, however in FIG. 2, each of the values indicated as and setting all of the bits in the 93-rd and subsequent 

16 bits would of course be changed to 20 bits, and each of occurrences of the chO bits and chi bits to "0". Satisfactory 

the data channels chO to ch9 would convey sets of 20 bits operation will then be achieved, if it is ensured that a 

rather than sets of 16 bits. decoder apparatus will not recognize any string of "0" bits 

With such an arrangement, the overall rate at which the 60 as constituting encoded audio data, when decoding an opti- 

PCM data are generated (by the data converters 5 and 6 cal recording disk according to the present invention having 

together) would be 1.920 Mbps, i.e. 2 (audio channels)x20 such 44.1 kHz sampling frequency PCM data recorded 

(bits)x48 kHz, while the overall rate at which the single bit thereon. 

stream data are generated would be 7.680 Mbps, i.e. 2 (audio The insertion of padding bits as described above is 

channels)x3.840 Mbps. Hence, the ratio of the respective 65 illustrated conceptually in diagram (b) of FIG. 2. 

rates of generation of the PCM data and single bit stream Various other arrangements for inserting such padding 

data will again be exactly equal to 2:8. Hence, in the same bits other than by using "0" state bits could be envisaged, so 
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long as it is made possible for a decoder apparatus to select data which are read out from the sub-picture buffer 19, and 

only the appropriate bytes of each of the chO and chl PCM 25 is a VBI decoder for decoding VBI data which are read 

data of each audio packet, when playing such a 44.1 kHz out from the VBI buffer. 26 denotes a letter box converter, 

encoded disk f° r converting decoded video data, and 27 is an adder, for 

... a * * • 4U- < obtaining a video output signal by adding together the 

In addition, when the encoder apparatus operates in this s deco(Jed % ideo ^ s Xpicture data, and VBI data. 

44.1 kHz sampling frequency mode, the formatting section Numeral29 denoles M audio decoder> for de codiDg audio 

7 adds, to the discrimination data inserted in the ADI portion ^ wh{(± ^ ^ QUt from ±t audio buffer 21? ^ denotes 

of each audio packet, data indicating that the PCM data of. ^ Q tin scction ^ h which a ^ of the playback 

the audio packet were generated with a sampling frequency ^ system can mput mntml commandSt 31 denotes a d^y 

of 44.1 kHz. section, 32 denotes a system controller which controls the 

The modulator 8 generates a recording signal modulated overall operation of the system, 33 to 35 are respective 

with the stream of audio packets produced from the format- parameter registers which hold various parameters that are 

ting section 7 (more precisely, with data packs respectively uscd t> v mc sys tem controller 32, and 36 denotes the system 

containing these audio packets), in accordance with the timer. 

DVD standards, in the same way as described previously. 1 In the ^ of pjayfog a conventional type of DVD disk 

It can thus be understood that the present invention further (j Xt ^ detected by the system controller 32, based on the 

makes it possible to provide optical recording disks which contents of the header portions of the data packs constituting 

can be played on a DVD playing apparatus, to provide audio the playback signal), having both video and audio data 

PCM data that can be directly supplied to existing audio 2Q recorded thereon, the playback system of FIG. 3 recovers 

reproduction equipment which is designed for use with and outputs a video playback signal and two channels (R, L) 

conventional CDs. of audio playback signals, from the playback signal that is 

In the above description of operation of the encoder read from the optical recording disk 10. Since that type of 

apparatus of FIG. 1 in the 44.1 kHz sampling frequency playback operation is known in the art, further description 

mode, it has been assumed that the first of the supplementary 25 will be omitted. In that case, a command sent from the 

stream modes shown in FIG. 3 is used, i.e. with 10 data system controller 32 causes the audio decoder 29 to function 

channels, 48 kHz PCM sampling frequency, and 16 bits per in an operating mode whereby it decodes the audio PCM 

sample. However it would be equally possible to configure data (extracted from DVD data packs) which are supplied 

the encoder apparatus to utilize the second stream mode of from the audio buffer 21, to thereby obtain two L and R 

FIG. 3, i.e. with 20 bits per sample, and to operate in either 30 analog audio signals as the output signals from the audio 

a AS kHz or a 44.1 kHz sampling frequency mode, in the decoder 29. 

same way as has been described for 16 bits per sample The audio decoder 29 is however configured to be also 

operation. In that case it is only necessary to ensure, for capable of recovering the aforementioned PCM data and 

operation in the 44.1 kHz sampling frequency mode, that an single bit stream data of an audio optical recording disk 

appropriate number of padding bits are recorded in each 35 according to the present invention, and it will be assumed 

audio packet, to compensate for the (44.1/48) reduction that the system controller 32 of the playback system of FIG. 

factor in the rate of generation of PCM data by comparison 3 is programmed to detect (i.e. from the aforementioned 

with the 48 kHz sampling frequency mode. discrimination data of the ADI sections of the audio packets, 

An embodiment of a decoder apparatus for optical record- contained in data supplied from the DSI buffer 22) when the 

ing disks according to the present invention will be 40 optical recording disk 10 is an audio optical recording disk 

described in the following. It will be assumed that the according to the present invention. In that case, the system 

decoder apparatus is incorporated into a DVD playback controller 32 supplies a command to a deformatting section 

system, as shown in the system block diagram of FIG. 3, i.e. section 41 of the audio decoder 29 whereby the operation 

to provide a playback system which is capable of playing described in the following is executed. Typically, the opera- 

both conventional DVDs (having data packs recorded in 45 tion of the deformatting section 41 will be determined by a 

accordance with a stream mode of Table 1 or Table 2) and control program of a local CPU, and commands sent from 

audio optical recording disks according to the present inven- the system controller 32 to the deformatting section 41 will 

tion. However only the functions concerned with playing an specify use of respectively different control programs by the 

audio optical recording disk according to the present inven- deformatting section 41, in accordance with different modes 

tion will be described in detail the following. In FIG. 3, 11 so of operation of the audio decoder 29. 

denotes a readout section, which reads data which are The audio decoder 29 includes the above-mentioned 

recorded on a audio optical recording disk 10, as a playback deformatting section 41, which receives encoded audio data 

signal. 12 denotes a drive control circuit, for controlling the supplied thereto from the audio buffer 21, i.e. data which 

readout section 11, 13 denotes a demodulator and error have been extracted from the audio data portions of succes- 

correction circuit, 14 denotes a track buffer for temporarily 55 sive audio packets of the playback signal, and set into the 

storing track data read from the disk 10, 15 is a write control audio buffer 21. The deformatting section 41 analyzes the 

circuit for controlling write-in of data to the track buffer 14, audio data, to separate this into two output data streams 

17 is a system buffer for temporarily storing various types of designated as SA and SB in FIG. 3, respectively consisting 

control data which are contained in the data stream read out of the PCM data and the single bit stream data conveyed by 

by the readout section 11, 18 denotes a VBV buffer, 19 60 the audio packets. Only one of these streams of data SA or 

denotes a sub-picture buffer, 20 denotes a VBI buffer, 21 SB is selected to be produced from the deformatting section 

denotes an audio buffer, and 22 denotes a DSI buffer. 23 41, with that selection being determined by the user as 

denotes a multiplexer, for distributing to the respective described hereinafter. The audio decoder 29 further includes 

buffers 18 to 22, data which are read out from the track a channel separator 42 which receives the PCM data stream 

buffer 14 via the read control circuit 16. 23 denotes a video 65 SA, and separates this into a stream of PCM data corre- 

decoder, for decoding video data read out from the VBV sponding to the L-channel audio signal, which is supplied to 

buffer, 24 is a sub-picture decoder for decoding sub-picture a D/A converter 44, and a stream of PCM data correspond- 
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ing 'to the R-channel audio signal, which is supplied to a 
D/Aconverter 45. Decoded L-channel and R-channel analog 
audio signals are thereby produced by the D/A converters 44 
and 45 respectively. 

The data stream SB is supplied to a channel separator 43, 
which separates this into a stream of single bit stream data 
corresponding to the l-channel audio signal, which is sup- 
plied to a lpf 46, and a stream of single bit stream data 
corresponding to the R-channel audio signal, which is sup- 
plied to a lpf 47. Decoded L-channel and R-channel analog 
audio signals, having a substantially improved fidelity of 
reproduction by comparison with the analog audio signals 
reproduced from PCM data, as described hereinabove, are 
thereby produced by the lpfc 46, 47 respectively. 

It will be assumed that with the decoder apparatus 
embodiment of FIG. 3, a user of the apparatus must select 
beforehand, by inputting a command to the operating section 
30, the type of digital data from which analog audio signals 
will be derived when an audio optical recording disk accord- 
ing to the present invention is to be played, i.e. the user must 
specify whether the R and L-channel analog audio signals 
are to be derived from the single bit stream data or from the 
PCM data. The system controller 32 then sends a corre- 
sponding command to the deformatting section 41, speci- 
fying whether the PCM data SAor the single bit stream data 
SB are to be output from the deformatting section 41, i.e. 
specifying either a PCM playback mode or a single 
bit'stream playback mode of operation for the audio decoder 
29. 

The operation sequence for determining such a playback 
mode for the audio decoder 29 is shown in the flow diagram 
of FIG. 4. Id that flow diagram, in step SI, the system 
controller judges whether the user has specified the PCM 
playback mode, and if so, as shown in step S2, the system 
controller 32 sets an operating program for the deformatting 
section 41 whereby the PCM playback mode is established, 
and causes the display section 31 go produce a visible 
indication that the PCM playback mode is established. 
Alternatively, if the single bit stream playback mode has 
been specified, then steps S3, S4 are executed, to establish 
and indicate the single bit stream playback mode. 

The basic operation of the encoder apparatus will be 
described referring to the operation sequence shown in the 
flow diagram of FIG. 5. Firstly, when -a "disk play" com- 
mand is input from the operating section 30, reading of data 
from the disk 10 is started, the system controller 32 receives 
resultant pack header data from the DSI buffer 22, and 
thereby judges whether each pack contains audio data (step 
Sll). If so, step S12 is executed to judge whether the ADI 
section of the audio packets contain the aforementioned 
discrimination data, which indicate that the disk 10 is an 
audio optical recording disk according to the present inven- 
tion. If no discrimination data is found, then this signifies 
that the disk 10 is a conventional DVD disk (i.e. whose 
contents include PCM -encoded audio data), or a disk which 
cannot be played by this playback system, in which case 
respectively appropriate processing is performed (e.g. halt- 
ing of the playing operation, and displaying a message to the 
user, by the display section 31). However if the discrimina- 
tion data are detected, then step S13 is executed, in which 
the contents of the discrimination data are judged to deter- 
mine: 

(a) whether the recorded PCM data were generated using 
the aforementioned 48 kHz sampling frequency mode, 
or the 44.1 kHz sampling frequency mode, and 

(b) whether the audio data were recorded using the first or 
the second of the supplementary stream modes shown 
in Table 3. 



i0,953 

20 

If the discrimination data contents indicate that the 48 
kHz sampling frequency has been used when recording the 
PCM data, i.e. the deformatting section 41 is to operate in a 
48 kHz format analysis mode, then steps S14 to SI 7 arc 

5 executed. In step S14 a decision is made as to whether the 
user has specified the PCM playback mode, for audio data 
reproduction. If so, step S15, S16 are executed to perform 
format analysis in the 48 kHz mode, extract the contents of 
only the chO and chl data channels in each audio packet, and 

10 output these as the SA data stream from the deformatting 
section 41 (i.e. with either 16 bits per sample or 20 bits per 
sample, depending upon the stream mode which has been 
found from the packet ADI). The PCM data are then decoded 
by being separated into the L-channel and R-channel data 

15 streams, each at the 48 kHz sampling frequency, by the 
channel separator 42, and converted by the D/A converters 
44, 45, to obtain the L and R-channel analog audio signals 
as described above. Specifically, the channel separator 42 
selects the chO data channel contents of each audio packet to 

20 constitute the stream of PCM data (at a sampling frequency 
of 48 kHz, with 16 bits per sample) which are supplied to the 
L-channel D/A converter 44, and selects the chl data chan- 
nel contents of each audio packet to constitute the PCM data 
which are supplied to the R-channel D/A converter 45. 

25 If on the other hand it is found in step S13 that the 
discrimination data in the packet ADI indicates that the 44.1 
kHz sampling frequency has been used when recording the 
PCM data, i.e. the deformatting section 41 is to operate in a 
44.1 kHz format analysis mode, and that the user has 

30 specified the PCM playback mode be used for audio data 
reproduction, then steps S18 to S21 are executed. In that 
case, the operation is similar to that described for steps S14 
to S17, but with the aforementioned "O" state padding bits 
in each audio packet being absent from the deformatted 

35 PCM data that are obtained, as described above. 

If it is found in either of steps S14 or S18 that the user has 
selected the single bit stream playback mode to be used for 
audio data reproduction, then steps S22 to S24 are executed. 
In that case, the operation is independent of the discrimina- 

40 tion data of the pack ADI. In step S22, the deformatting 
section 41 is set to operate in a single bit stream format 
analysis mode, by a command from the system controller 32, 
and thereafter selects only the contents of the ch2 to ch9 data 
channels in each audio packet, and outputs these as the SB 

45 flow of single bit stream data, which is then separated into 
two streams of L and R-channel single bit stream data by the 
channel separator 43, which are supplied to the lpfs 46, 47 
to obtain the L and R-channel analog audio signals (steps 
S23, 24). Specifically, referring to FIG. 2, the channel 

50 separator 43 selects the contents of the ch2 to ch5 data 
channels of each audio packet to constitute the single bit 
stream data (at a bit rate of 3.072 MHz) which are supplied 
to the L-channel lpf 446, and selects the contents of the ch6 
to ch9 data channels of each audio packet to constitue the 

55 flow of single bit stream data that are supplied to the 
R-channel lpf 47. 

It can thus be understood that with this embodiment of a 
decoder apparatus according to the present invention, a user 
can select a playback mode for an audio optical recording 

60 disk according to the present invention such that either the 
PCM data or the single bit stream data are decoded to obtain 
the output analog audio signals. 

The decoder apparatus of FIG. 3 has been assumed to be 
incorporated within a DVD playback apparatus which has 

65 been configured to be capable of decoding audio signals 
which are encoded as PCM data and and also signals which 
are encoded as single bit stream data. However it will be 



03/17/2004, EAST Version: 1.4.1 



6,160,! 

21 

apparent from the above description that it would be equally 
possible to play an audio optical recording disk according to 
the present invention by using a DVD playback apparatus 
which is capable only of decoding audio signals which are 
encoded as PCM data, since such a audio optical recording 5 
disk has audio signals recorded both as PCM data and as 
single bit stream data. That is to say, an existing type of 
DVD playback apparatus could easily be made capable of 
playing such audio optical recording disks, by making a 
simple modification to the operation of the system 1Q 
controller, such that the controller is programed to recognize 
the aforementioned discrimination data of the pack AD I. 
Similarly, it would be possible to play an audio optical 
recording disk according to the present invention on a 
playback apparatus which is capable only of decoding single 
bit stream data. 15 

An audio optical recording disk according to the present 
invention is capable not only of recording L and R-channel 
(i.e. stereophonic) audio signals, but also of recording vari- 
ous other types of multi-channel audio systems. In each 
case, the multi-channel audio signals are recorded both as 20 
PCM data and also as single bit stream data, using one of the 
stream modes shown in Table 3, i.e. with 10 data channels, 
a PCM sampling frequency of 48 kHz, and 16 or 20 bits per 
sample. Designating the number of channels of such multi- 
channel audio signals as N, the N audio channels are first 25 
encoded by using a technique which is specific to that 
multi-channel audio system, to obtain a single combined 
audio channel, or a pair of combined audio channels. Each 
combined audio channel is then encoded as PCM data, 
which are recorded in the first two data channels (chO, chl) 30 
of each audio packet, in the same way as described for the 
L and R-channel audio signals of the previous embodiments. 
In addition, the N audio channels are encoded into respective 
flows of single bit stream data at a bit rate of 3.072 or 3.840 
Mbps (in accordance with whether the PCM bits per sample 35 
is 16 or 20) by sigma-delta modulation, the single bit stream 
data are subjected to bandwidth compression by a factor 
(2/N), and are then recorded in the remaining 8 data chan- 
nels (ch2 to ch9) of the aforementioned 10 data channels of 
each audio packet. In addition, the discrimination data 40 
(which is added to the ADI portion of each audio packet as 
described hereinabove for the case of 2-channel audio signal 
recording) has inserted therein information which specifies 
the type of N-channel multi-channel audio system of the 
recorded data, in addition to the information which specifies 45 
the stream mode by which the audio data have been for- 
matted. 

With such an audio optical recording disk, since the ratio 
of the data channel capacities assigned to the PCM data and 
single bit stream data is again 2:8, and the ratio of the 50 
respective rates of generating the PCM data and single bit 
stream data is 1.536 Mbps:6.144 Mbps, or 1.920 
Mbps: 7. 680 Mbps, the correct time-axis relationship can be 
established between the PCM data and single bit stream data 
which are conveyed by a stream of audio packets. 55 

In the following, application of the audio optical record- 
ing disk of the present invention to four representative types 
of multi-channel audio systems will be described, i.e. the 
Dolby Surround system, the Dolby-AC-3 system, the DTS 
system, and the SDDS system. However it will be apparent 60 
from the description that the invention is not limited to these 
four systems. In addition, respective embodiments of 
encoder apparatus and decoder apparatus according to the 
present invention for use with these four multi-channel 
audio system will be described, and these will make clear the 65 
data structure in which encoded audio data are recorded 
upon the corresponding audio optical recording disk. 
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"Dolby Surround" is a trade name of Dolby Laboratories 
Inc., U.SA. 

(1) Dolby Surround System 

With the Dolby Surround multi-channel audio system, 3 
front channels of analog audio signals (designated respec- 
tively as the L, C and R channels) and a single rear analog 
audio signal channel (designated as the S channel) are used, 
i.e. a total of 4 audio signal channels. FIG, 6 is a system 
block diagram of an embodiment of an encoder apparatus 
according to the present invention which is suitable for 
application to the the Dolby Surround system. The configu- 
ration and operation of this encoder apparatus are basically 
similar to those of the first encoder apparatus embodiment 
described above, shown in FIG. 1, so that only the points of 
difference from that of FIG. 1 will be described, as follows: 

(a) Since there are 4 analog audio signals channels, a 
corresponding set of four LPFs 51 is provided, with the 
output signals from the LPFs being input to respective 
ones of a set of 4 sigma-delta modulators 52. 

(b) The respective single bit stream data signals from the 
four sigma-delta modulators 52 are supplied to a Dolby 
Surround encoder 53, which encodes these by using the 
Dolby Surround encoding method, to obtain two 
streams of combined data which will be referred to as 
the Lt and Rt channels in the following. 

(c) Before being supplied to the formatting section 58, 
each of the single bit stream data signals from the 
sigma-delta modulators 52 (at a bit rate of 3.072 Mbps) 
is subjected to bandwidth compression by a compres- 
sion factor of Vi, by a digital filter within a filter circuit 
57. 

(d) The formatting section 58 allocates the Lt and Rt data 
streams to the chO and chl data channels respectively 
of the stream of audio packets which are generated by 
the formatting section 58, and allocates the four com- 
pressed single bit stream data streams to the remaining 
8 data channels (i.e. with each stream of single bit 
stream data being allocated to a corresponding pair of 
these 8 data channels). In addition the formatting 
section 58 adds, to the ADI portion of each audio 
packet, discrimination data which specifies that the 
audio data have been formatted using a supplementary 
stream mode (i.e. specifies one of the two stream modes 
shown in Table 3), and also specifies that the recorded 
data consist of encoded multi-channel audio signals 
which are in accordance with the Dolby Surround 
system. 

FIG. 7 is a system block diagram of a suitable configu- 
ration for the Dolby Surround encoder 53 of FIG. 6. With 
this configuration, the multi-channel audio signal encoding 
processing which is usually executed by means of analog 
signal processing is performed by digital signal processing. 
Specifically, the C channel digital signal is attenuated by a 
a 3 dB attenuator, and the attenuated data are synchronously 
mixed with the L and R channel digital signals. The S 
channel digital signal is input to a processing circuit 65, in 
which it is attenuated by 3 dB, bandwidth-limited to the 
range 100 Hz to 7 kHz, then transferred through a Dolby 
type B noise reduction encoder, with the resultant processed 
digital signal being phase-advanced by 90° and mixed with 
the result of mixing the L channel and attenutated C channel 
digital signals, to thereby obtain the Lt channel output digital 
signal, and with the processed digital signal also being 
phase-retarded by 90° and mixed with the result of mixing 
the R channel and attenutated C channel digital signals, to 
thereby obtain the Rt channel output digital signal. 

Data allocation is performed by the formatting section 58 
such that the PCM data (with a bit rate of 1.536 Mbps, i.e. 
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2 channelsxl6 bitsx48 kHz) is allocated to the first two 
channels (chO, chl) of the ten data channels, the single bit 
stream data after bandwidth compression by Vi (with a bit 
rate of 6.144 Mbps, i.e. 4 channelsx3.072 Mbpsx*4) is 
allocated to the remaining 8 data channels (ch2 to ch9) of the 
10 data channels of the supplementary stream mode. Thus, 
in the same way as described for the first embodiment, the 
ratio (2:8) of the data channel capacities allocated to the 
PCM data and the single bit stream data is made identical to 
the ratio of the bit rates at which the PCM data and the single 
bit stream data are supplied to the formatting section 58, 
thereby ensuring that these data can be conveyed by a stream 
of audio packets which are generated by the formatting 
section 58. The configuration and operation of a decoder 
apparatus corresponding to the above encoder apparatus for 15 
the Dolby Surround system can be substantially identical to 
those of the first decoder apparatus embodiment shown in 
FIG. 3 and described above. The only differences lie in the 
internal configuration and operation of the audio decoder 29. 
FIG. 8 is a system block diagram of an embodiment of a 20 
modified audio decoder 29 which is suitable for an audio 
decoder apparatus that is capable of playing audio optical 
recording disks according to the present invention that have 
been recorded using the Dolby Surround system. In the 
modified audio decoder 29 of FIG. 8, the deformatting 25 
section 41 separates the encoded audio data of the stream of 
audio packets, supplied from the multiplexer 23, into respec- 
tive streams (S A, SB) of PCM data and single bit stream 
data, in the same way as described for the first embodiment, 
and supplies these to the channel separator 59 and to a 
channel separator 62, respectively. The channel separator 59 
separates the chO and chl PCM data into the aforementioned 
Lt and Rt data streams, which are supplied to a Dolby 
Surround decoder 60. The Dolby Surround decoder 60 
performs processing which is the inverse of that performed 35 
by the Dolby Surround encoder 53 of FIG. 6, to separate the 
Lt, Rt channels into four channels of PCM data, respectively 
corresponding to the L, R, C and S audio channels. These 
PCM data channels are supplied to respective ones of four 
D/A converters 61, to thereby recover the L, R, C and 40 
S-channel analog audio signals from the PCM data. 

The single bit stream data SA from the deformatting 
section 41 is separated into four streams of single bit stream 
data, respectively corresponding to the L, R, C and S audio 
channels. These are supplied to respective ones of four LPFs 45 
63, to thereby recover the L, R, C and S-channel analog 
audio signals from the single bit stream data. 

FIG. 9 is a functional block diagram for illustrating the 
operation of the Dolby Surround decoder 60 of FIG. 8. Here 
again digital, rather than analog, signal processing is uti- 50 
lized. In FIG. 8, the Lt and Rt channel digital signals are 
supplied to a set of four VCAs (Voltage Control Amplifiers) 
67, which respectively produce the four streams of PCM 
data corresponding to the L, R, C and S-channel audio 
signals. Specifically, the Lt and Rt digital signals are input 55 
directly to respective ones of a first two VCAs (to obtain 
input signals respectively corresponding to the L and 
R-channel audio signals), are summed (to obtain an input 
signal corresponding to the C-cbannel audio signal) and the 
resultant digital signal supplied to a third one of the VCAs, 60 
and are mutually subtracted (to obtain an input signal 
corresponding to the S-channel audio signal), with the 
resultant digital signal being supplied to a fourth one of the 
VCAs, as shown. Each of the VCAs 67 performs variable 
attenutation within the range 0 to -30 dB, under the control 65 
of respective control signals supplied thereto from a control 
circuit 66. Hie control circuit 66 generates these control 



signals by detecting the respective values of the Lt, Rt, 
(Lt+Rt) and (Lt-Rt) digital signals, to thereby control the 
VCAs 67 such as to compensate for the aforementioned type 
B noise-reduction encoding, and thereby obtain respective 
streams of PCM data corresponding to the L, R, S and 
S-channel analog audio signals. 

The Dolby Surround encoder apparatus and decoder appa- 
ratus have been described above for the case in which the 
first of the supplementary stream modes shown in Table 3 is 
utilized (10 data channels, 48 kHz sampling frequency, 16 
bits per sample). However it would be equally possible to 
use the other supplementary stream mode (i.e. 10 data 
channels, 48 kHz sampling frequency, 20 bits per sample). 
In that case, each of the analog sigma-delta modulators 52 
would be configured to execute 1-bit quantization at a rate 
of 3.840 Mbps, and the data converter 54 configured to 
generate PCM data having 20 bits per sample, at the 48 kHz 
sampling frequency. Use of these values will ensure that 
identical results would be obtained to those obtained for 
using the first supplementary stream mode of Table 3, 

In addition, the encoder apparatus and decoder apparatus 
of the Dolby Surround system described above can be 
utilized with the second type of audio optical recording disks 
according to the present invention, i.e. having PCM data 
which was generated at a sampling frequency of 44.1 kHz. 
As indicated in FIG. 6, each of the data converters 54, 56 and 
the formatting section 58 is controlled by a selection com- 
mand input from the system controller 32. When that 
command designates the 44.1 kHz mode of operation, then 
the PCM data are generated at a sampling frequency of 44.1 
kHz by the data converters 54, 56, and the requisite number 
of padding bits is inserted into each audio packet by the 
formatting section 58 to compensate for the (44.1/48) reduc- 
tion in the rate of generating PCM data, in the same manner 
as described for the preceding encoder apparatus embodi- 
ment. 

(2) Dolby-AC-3 System 

The Dolby-AC-3 system uses six audio channels, i.e. 
three front channels (the L, C and R channels), a bass 
compensation channel (SW), and two rear channels (LS, 
RS). FIG. 10 is a system block diagram of an encoder 
apparatus for applying the present invention to the Dolby- 
AC-3 system. This encoder apparatus differs from that of the 
first embodiment of FIG. 1 in the following respects: 

(a) Since there are six analog audio signal channels, a 
corresponding set of six LPFs 51 is provided to respec- 
tively receive these as input signals, with the L LPF 
output signals being supplied to respective ones of a set 
of analog sigma-delta modulators 52. 

(b) The respective single bit stream data outputs from the 
sigma-delta modulators 52 are each supplied to a 
Dolby-AC-3 encoder 68, to be combined into a single 
stream of encoded data by the Dolby-AC-3 encoding 
method. 

(c) Output single bit stream data are generated from each 
of the sigma-delta modulators 52 at a rate of 3.072 
Mbps, and are then subjected to bandwidth compres- 
sion by a factor of VS in a 6-channel digital filter circuit 
70, and the resultant six single bit stream data signals 
are input to the formatting section 71. 

(d) The formatting section 71 allocates the encoded bit 
stream from the data converter 69 to the chO and chl 
data channels of the audio packets, and allocates the six 
streams of compressed single bit stream data, from the 
digital filter circuit 70, to the remaining 8 data chan- 
nels. In addition the formatting section 71 adds, to the 
ADI portion of each audio packet, discrimination data 
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which specifies that the audio data have been formatted 
using a supplementary stream mode (i.e. specifies the 
first of the two stream modes shown in Table 3), and 
also specifies that the recorded data consist of encoded 
multi-channel audio signals which are in accordance 
with the Dolby-AC-3 system. 
By comparison with the encoder apparatus embodiment 
used for the Dolby Surround system, shown in FIG. 6, the 
above encoder apparatus for the Dolby-AC-3 system differs 
in that a Dolby-AC-3 encoder 68 is utilized, in that the 
digital filter circuit 70 executes bandwidth compression by 
a factor of Vj, and in that the formatting section 71 inserts 
different information into the discrimination data of each 
ADI portion of the audio packets. In other respects, the 
configuration and operation are very similar to that of the 
Dolby Surround encoder apparatus of FIG. 6. 

The reason for applying a bandwidth compression factor 
of Vz to the single bit stream data from the analog sigma- 
delta modulators 52 is as follows. Since the Dolby-AC-3 
system uses six audio channels, applying bandwidth com- 
pression by such a factor ensures that the ratio of the rate of 
generating encoded PCM data which are input to the for- 
matting section 71 to the rate at which the compressed single 
bit stream data are supplied to the formatting section 71 will 
become 2:8, i.e. a ratio which enables the single bit stream 
data and PCM data to be conveyed together by the stream of 
audio packets generated by the formatting section 71 as 
described hereinabove for the preceding embodiments. 

HG. 11 is a functional block diagram of a suitable 
configuration for the Dolby-AC-3 encoder 68 of FIG. 10. 
The operation of this encoder is as follows. Each of the six 
single bit .stream data signals from the analog sigma-delta 
modulators 52 is input to a corresponding one of a set of six 
filter banks 72. Each of the filter banks 72 applies frequency 
analysis of the corresponding data stream, using MDCT 
(Modified Discrete Cosine Transform) processing, to con- 
vert the data from time -axis samples into frequency 
components, and supplies the resultant analysed signal to a 
corresponding one of a set of six quantizers 73, with the 
quantized result being input to a multiplexer 74. In addition, 
each flow of single bit stream data is input to a bit allocation 
section 75, which generates auxiliary information for use in 
bit allocation, and supplies the information to a core bit 
allocation section 76. The respective output signals from the 
filter banks 72 are also input to a spectrum envelope encoder 
77 which derives differentially encoded data, obtained in the 
frequency domain, expressing the envelope of the frequency 
spectrum of the single bit stream data, and supplies these 
differential encoded data to the bit allocater 75 and also to 
the multiplexer 74. Based on the auxiliary information and 
on the differentially encoded data, the core bit allocating 
section 76 generates bit allocation information for each of 
the quantizers 73, and outputs this information to the respec- 
tive quantizers. Based on the bit allocation information 
thereby supplied, each of the quantizers 73 executes quan- 
tization of the input signal supplied from the corresponding 
one of the filter banks 72. By referring to the differentially 
encoded data and to the auxiliary information derived by the 
bit allocation section 75, the multiplexer 74 combines the 
data streams supplied from the respective quantizers 73 into 
a single digital signal, i.e. a flow of single bit stream data, 
and outputs this to the data converter 69. 

As a result, an acoustic masking characteristic is obtained, 
due to the allocation of core bits on the basis of the 
respective frequency spectrum envelopes corresponding to 
the six audio channels (L to RS). In addition, due to the fact 
that the bit allocating section 75 calculates auxiliary infor- 
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mation for logically ensuring maximum accuracy of bit 
allocation, encoded single bit stream data is obtained which 
has bits allocated in a manner ensuring maximum efficiency 
of encoding. 

5 The basic configuration and operation of a decoder appa- 
ratus for Dolby-AC-3 operation can be similar to those 
described for the first decoder apparatus embodiment of 
FIG. 3, with only the configuration of the audio decoder 29 
being different, as shown in the system block diagram of 

10 FIG. 12. With this encoder, the stream of encoded audio data 
supplied to the deformatting section 41 from the system 
controller 32 is separated into the streams SA, SB of 
encoded PCM data and single bit stream data respectively. 
The PCM data SAare supplied to a Dolby-AC-3 decoder 78 

15 which executes Dolby-AC-3 decoding processing, to be 
converted to six streams of PCM data respectively corre- 
sponding to the audio channels L> C, R, S, LS and RS. These 
PCM data streams are input to respective ones of a set of six 
D/A converters 79, to thereby recover the six analog audio 

20 signals of the L, C, R, S, LS and RS channels from the PCM 
data. 

The single bit stream data SB are supplied to a channel 
separator 80, to be separated into six streams of PCM data 
respectively corresponding to the L, C, R, S, LS and RS 

25 audio channels. These streams are input to respective ones of 
a set of six LPFs 81, to thereby recover the six analog audio 
signals of the L, C, R, S, LS and RS channels from the single 
bit stream data. 

FIG. 13 is a functional block diagram for illustrating the 

30 operation of the Dolby-AC-3 decoder 78 of FIG. 12. The 
operation of this decoder is the inverse of that of the encoder 
shown in FIG. 11. The encoded PCM data SA from the 
deformatting section 41 are supplied to a demultiplexer 82, 
to be separated into six bit streams respectively correspond- 

35 ing to the six audio channels, which are supplied to respec- 
tive ones of a set of six dequantizers 83. In addition, the 
demultiplexer 82 extracts the aforementioned differentially 
encoded data which express the frequency spectrum enve- 
lope information, and the auxiliary information relating to 

40 bit allocation, and supplies these to the spectrum envelope 
decoder 84 and core bit allocating section 85 respectively. 
The core bit allocating section 85 utilizes decoded differen- 
tial data (which are derived by the spectrum envelope 
decoder 84 from the differentially encoded data) and the 

45 auxiliary information to generate bit allocation data, for 
determining the allocation of bits to each of the audio 
channels, and supplies the bit allocation data to each of the 
quantizers 83. Based on the bit allocation data thus received, 
each of the quantizers 83 performs dequantizing processing 

50 of the single bit stream data supplied thereto, and supplies 
the resultant data to a corresponding one of a set of six filter 
banks 86. Each of these filter banks 86 executes inverse 
MDCT processing, to convert the frequency data supplied 
thereto into PCM samples arrayed along the time axis, to 

55 thereby obtain the six streams of PCM data which are 
supplied to the D/A converters 79. 
(3) DTS System 

The DTS system is also a 6-channel form of multi- 
channel audio system, with the channels respectively des- 

60 igoated as L> C, R, SW, LS, and RS. Thus the requisite 
encoder apparatus and decoder apparatus can be regarded 
simply as modifications of the Dolby-AC-3 encoder appa- 
ratus and decoder apparatus described hereinabove, but with 
the encoder 68 of FIG. 10 and the decoder 78 of FIG. 12 

65 being reconfigured in accordance with the requirements of 
the DTS system rather than the Dolby-AC-3 system. In other 
respects, the configuration and operation can of each of the 
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encoder apparatus and decoder apparatus can be considered 
to be similar to those described for the Dolby-AC-3 embodi- 
ments. 

FIG. 14 is a functional block diagram of an encoder for 
use with the DTS system (i.e. corresponding to the Dolby- 5 
AC-3 encoder 68 shown in FIG. 10). In FIG. 14, each of the 
six streams of single bit stream data derived by the analog 
sigma-delta modulators 52 is input to a corresponding one of 
a set of encoding sections. Each of these has the internal 
configuration which is shown in FIG. 14 for the encoding 10 
section which receives the L-channel single bit stream data. 
This Lrchannel single bit stream data signal is input to a set 
of 32 band decimation filter banks 87, i.e. which contains 
banks of digital filters for converting the single bit stream 
data to 32 streams of sub-band samples, with each of these 15 
streams being supplied to corresponding one of a set of 32 
quantizing/ADPCM circuits, each formed of a vector quan- 
tizer 88 and an ADPCM (Adaptive Differential PCM) circuit 
89 as shown. The ADPCM circuit 89 executes adaptive 
quantization of the values of difference between the actual 20 
input signal and the predicted value of the input signal, while 
referring to quantized values of the actual input signal which 
are produced from the vector quantizer 88. 

The streams of quantized data from the ADPCM circuit 
89 and of quantized data from the vector quantizer 88 which 25 
are obtained for each of the sub-bands, and which are 
designated as the sub-band code data (Dsi) and the side 
information (Slfi) respectively (where T takes the values 1 
• to 32 respectively, for the 32 sub-bands, as indicated in FIG. 
14) are supplied to a multiplexer 90. The multiplexer 90 30 
combines these 32 pairs of Dsi and Slfi data streams into a 
signal data stream, which is supplied to a corresponding one 
of a set of six code compression circuits 91. Each of these 
code compression circuits 91 performs code compression 
based upon the overshoot characteristics of the input data, 35 
and supplies the compressed data to a stream combining 
section 92, which combines the six streams of compressed 
code data from the code compression circuits 91 into a single 
encoded bit stream. The encoding processing described 
above is performed separately for each of the six audio 40 
channels. The encoded bit stream which is output from the 
stream combining section 92 is supplied to the data con- 
verter 69 shown in FIG. 10. 

FIG. 15 is a functional block diagram of an embodiment 
of a decoder according to the present invention for the DTS 45 
system, i.e. which constitutes the decoder 78 shown in FIG. 
12. The encoded PCM data stream (i.e. stream SA) which is 



the ADPCM decoder 96. The resultant streams of sub-band 
samples are input to a 32-band decimation filter bank 97, 
which combines these 32 streams of sub-band samples to 
recover a stream of PCM data for the corresponding audio 
channel. 

In that way, the encoder of FIG. 15 converts the encoded 
bit stream (SA) derived by the deformatting section 41 into 
six streams of PCM data respectively corresponding to the 
six audio channels, which are then supplied to the D/A 
converters 79 shown in FIG. 12. 
(4) SDDS System 

The SDDS multi-channel audio system utilizes a total of 
8 audio channels, i.e. five front channels (L, LC, C, RC, R), 
a bass compensation channel (SW), and two rear channels 
(LS, RS). The overall configuration and operation of an 
embodiment of an encoder apparatus for applying the SDDS 
system to the present invention is shown in the system block 
diagram of FIG. 16. The operation and configuration of this 
embodiment differ from the first embodiment of an encoder 
apparatus shown in FIG. 1 with respect to the following 
points: 

(a) Since the system utilizes a total of eight audio 
channels, a corresponding set of eight LPFs 98 and 
eight analog sigma-delta modulators 99 are provided to 
respectively process the input analog audio signals. 

(b) Each of the data streams produced from the N analog 
sigma-delta modulators 99 is input to a SDDS encoder 
100, to be encoded by the SDDS method into a single 
data stream. 

(c) Single bit stream data are generated from each of the 
sigma-delta modulators 99 at a rate of 3.072 Mbps and 
are then subjected to bandwidth compression by a 
factor of y*> in an 8-channel digital filter circuit 101, 
and the resultant eight streams of single bit stream data 
are input to the formatting section 102. 

(d) The formatting section 102 allocates the stream of 
PCM data from the data converter 69 to the chO and chl 
data channels of the audio packets, and allocates the 
eight streams of compressed single bit stream data from 
the digital filter circuit 70 to the remaining 8 data 
channels. In addition the 8-channel digital filter clOl 
adds, to the ADI portion of each audio packet, discrimi- 
nation data which specifies that the audio data have 
been formatted using a supplementary stream mode 
(i.e. specifies the first of the two stream modes shown 
in Table 3), and also specifies that the recorded data 
consist of encoded multi-channel audio signals which 
are in accordance with the SDDS system. 

By comparison with the encoder apparatus embodiment 



extracted by the deformatting section 41 is input to a stream 
analyzer 93, to be analyzed and thereby separated into six 

data streams respectively corresponding to the six audio 50 used for the Dolby Surround system, shown in FIG. 6, the 

channels. These are input to respective ones of a set of six above encoder apparatus for the SDDS system differs in that 

code expansion and regeneration circuits 94, and the result- a SDDS encoder 100 is utilized, in that the digital filter 

ant six streams of decompressed data are input to respective circuit 101 executes bandwidth compression by a factor of 

ones of a set of six channel decoding sections. Each of these VS, and in that the formatting section 102 inserts different 

channel decoding sections has an internal configuration 55 information into the discrimination data of the ADI portions 

which is identical to that shown in FIG. 15 for the channel of the audio packets. In other respects, the configuration and 

decoding section which receives the encoded data corre- operation are very similar to that of the Dolby Surround 

sponding to the audio L-channel. As shown, this cds is made encoder apparatus of FIG. 6. 

up of a demultiplexer 95, a ADPCM decoder 96 and a The reason for applying a bandwidth compression factor 

32-band decimation filter banks 97. The demultiplexer 95 60 of X A to the single bit stream data from the analog sigma- 

separates the stream of data supplied thereto into 32 sets of delta modulators 99 is as follows. Since the SDDS system 

DSi and Slfi data streams, respectively corresponding to the uses eighth audio channels, applying bandwidth compres- 

32 sub-bands. Each stream of DSi and Slfi data is supplied sion by such a factor ensures that the ratio of the rate of 

to a corresponding one of a set of 32 ADPCM decoders 96, generating encoded PCM data which are input to the for- 

to be converted to a stream of sub-band samples which is 65 matting section 102 to the rate at which the compressed 

obtained by quantizing each difference between the actual single bit stream data are supplied to the formatting section 

input value and a predicted input value of data supplied to 102 will become 2:8, i.e. a ratio which enables the single bit 
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stream data and PCM data to be conveyed together by the data are combined by a combining filter, then the delayed 

stream of audio packets generated by the formatting section high-frequency region data and the combined intennediate- 

102 as described above for preceding embodiments. frequency region and low-frequency region data are com- 

FIG. 17 is a functional block diagram of the SDDS bined by a second combining filter, to thereby execute 

encoder 100. The SDDS encoder 100 uses an ATRAC 5 decoding to recover a stream of time-axis data, i.e. PCM 

encoding section 103 to encode each of the streams of single data for an audio channel. 

bit stream data produced from the analog sigma-delta modu- From the above description of preferred embodiments, it 

lators 99, to thereby compress the data by a factor of can be understood that the present invention provides the 

approximately Vs. The resultant eight compressed data following advantages: 

streams are input to a formatting section 104, which adds 10 Firstly, the invention provides a new type of optical 

timing information to the compressed data, and combines recording disk whose specification are based directly on the 

the resultant data into a single encoded bit stream. audio specifications which are set out in the DVD standards, 

The ATRAC encoding section 103 classifies the input data but which conveys audio signals recorded as single bit 

into three categories, i.e. a high-frequency region, and stream data, while also conveying these same audio signals 

intermediate-frequency region and a low-frequency region, 15 recorded in the conventional manner as PCM data (i.e. with 

with MDCT processing being applied to transform the input the sampling frequency being 48 kHz) . Although such single 

data into data of these respective categories in the frequency bit stream data and PCM data expressing an audio signal are 

domain. High-efficiency encoding of the resultant data is generated at respectively different bit rates, respective 

then executed, based on acoustic principles, through data recording channel capacities are allocated in accordance 

management which utilizes minimum audibility character- 20 with these respective bit rates, thereby enabling both types 

istics and the masking effect. of data to be conveyed together in stream of audio packets 

A decoder apparatus corresponding to the above encoder which are basically as specified in the DVD standards. In 

apparatus can have substantially the same basic configura- that way the disadvantages of PCM recording of audio 

tion as the first encoder apparatus embodiment of FIG. 3. signals, with regard to reproduction bandwidth and signal/ 

However the configuration of the audio decoder 29 of a 25 noise ratio, can be overcome when such a optical recording 

decoder apparatus for SDDS encoded data is different from disk is played using a playback apparatus which is capable 

that of FIG. 3, with an embodiment being shown in FIG. 18. of decoding the single bit stream data, i.e. it becomes 

The operation of this decoder apparatus is as follows. As in possible to provide a DVD playback apparatus which can 

FIG. 3, the stream of encoded data supplied to the defor- function both as a very high-fidelity audio reproduction 

matting section 41 from the system controller 32 is separated 30 apparatus and also as an audio-visual presentation apparatus 

into the streams SA, SB of encoded PCM data and single bit (when playing conventional types of DVD), 

stream data respectively. The SDDS-encoded PCM data SA However in addition, existing types of DVD playback 

are supplied to a SDDS decoder 105 which executes SDDS apparatus can be easily modified (i.e. by a minor alteration 

decoding processing, to be converted to eight streams of to a system control program) to play such optical recording 

PCM data respectively corresponding to the audio channels 35 disks, with audio signals being recovered from the playback 

L, LC, C, RC, R, SW, LS and RS. These PCM data streams PCM data through the same process as for conventional 

are input to respective ones of a set of eight D/A converters DVDs. 

106, to thereby recover the eight analog audio signals of the Secondly, with such an audio optical recording disk it 

L, LC, C, RC, R, SW, LS and RS channels from the PCM becomes possible to record audio data as the aforementioned 

data. 40 single bit stream data and also as PCM data at a sampling 

Tfie single bit stream data SB are supplied to a channel frequency of 44.1 kHz, By periodically inserting appropriate 

separator 107, to be separated into six streams of PCM data numbers of PCM data padding bits, it is again ensured that 

respectively corresponding to the L, LC, C, RC, R, SW, LS the respective bit rates of the PCM data and the single bit 

and RS audio channels. These streams are input to respective stream data are matched to the channel capacities assigned 

ones of a set of six LPFs 108, to thereby recover the six 45 to the two types of data in the stream of audio packets. In that 

analog audio signals of the L, LC, C, RC, R, SW, LS and RS case, since the usual sampling frequency employed for 

channels from the single bit stream data. conventional CDs is 44.1 kHz, the playback PCM data 

FIG. 19 is a functional block diagram for illustrating the obtained from such an audio optical recording disk is 

operation of the SDDS decoder 105 of FIG. 18. In FIG. 19, compatible with existing audio equipment designed for CD 

the deformatting section 109 performs deformatting pro- 50 playback applications. 

cessing which reverses the processing executed by the Thirdly, an audio optical recording disk according to the 
formatting section 104 of FIG. 17. The resultant streams of present invention is applicable to recording encoded audio 
deformatted SDDS-encoded data are input to an ATRAC . signals which are generated by various different types of 
decoding section 110, to recover eight channels of PCM data multi-channel audio system, i.e. whereby encoding is 
respectively corresponding to the eight audio channels, 55 executed to combine a number of audio signals into a pair of 
which are supplied to an equalizer filter section 111 to apply signals or a single signal, prior to recording. With the present 
compensation. The resultant eight PCM data streams are invention, all of the audio channel signals can be separately 
supplied to respective ones of the D/A converters 106 shown recorded directly as respective single bit stream data signals, 
in FIG. 18. thereby ensuring that very high fidelity of reproduction 
For each of the eight channels, the ATRAC decoding 60 becomes possible, while in addition the pair of signals or 
section 110 restores the three categories of frequency single signal that is obtained by combining the multi- 
domain data (i.e. high-frequency region, intermediate- channel audio signals is recorded in the form of PCM data, 
frequency region and low-frequency region data) to the time Hence, it becomes possible with such an audio optical 
domain, as streams of samples along the time axis, by recording disk to select either playback data which provide 
applying inverse MDCT processing. The high-frequency 65 maximum fidelity of reproduction or playback data which 
region data are then passed through a delay filter, while the are compatible with existing types of multi-channel (PCM) 
intermediate-frequency region and low-frequency region playback apparatus. Examples of multi-channel audio sys- 
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tems to which the present invention is thus applicable are the 
Dolby Surround system, the Dolby-AC-3 system, the DTS 
system, the SDDS system, etc. 

Moreover, the invention provides encoding and decoding 
apparatus embodiments for recording such multi-channel 5 
audio signals whereby encoding of the multi-channel audio 
signals to combine these into a single signal or a pair of 
signals prior to recording (and subsequent decoding at the 
time of playback) is performed entirely by digital 
processing, rather than by the conventional analog process- 10 
ing techniques. The well-known advantages of digital pro- 
cessing can thereby be attained, in addition to the other 
advantages provided by the invention. 

What is claimed is: 

1. An optical recording disk having recorded thereon 15 
successive portions of a stream of digitally encoded audio 
data, as respective audio data portions of successive audio 
packets, in a stream mode which is supplementary to exist- 
ing stream modes having from 1 to 8 data channels that are 
established for audio packets recorded in PCM form in 20 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, wherein first and second 25 
ones of said 10 data channels respectively convey left (L) 
and right (R) channel analog audio signals respectively 
encoded as pulse code modulation (PCM) data streams with 
said fixed number of bits per data sample, and a remaining 
8 of said data channels convey said L channel analog audio 30 
signal and said R channel analog audio signal encoded by 
sigma-delta modulation as respective streams of single bit 
stream data, and wherein each of said audio packets includes 
an ADI (Audio Data Information) portion containing dis- 
crimination data to be detected by a decoder apparatus for 35 
judging whether said audio data portion of said audio packet 
has been recorded in said supplementary stream mode 



DVD (Digital Video Disk) standard, said supplementary 
stream mode comprising a cyclically recurring sequence of 
10 sets of a fixed number of bits, where said fixed number 
is either 16 or 20, said sets respectively corresponding to 10 
data channels, wherein first and second ones of said 10 data 
channels respectively convey left (L) and right (R) channel 
analog audio signals respectively encoded as pulse code 
modulation (PCM) data streams with said fixed number of 
bits per data sample, and a remaining 8 of said data channels 
convey said L channel analog audio signal and said R 
channel analog audio signal encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, and 
wherein each of said audio packets includes an ADI (Audio 
Data Information) portion containing discrimination data to 
be detected by a decoder apparatus forjudging whether said 
audio data portion of said audio packet has been recorded in 
said supplementary stream mode, 
said encoder apparatus comprising: 
first and second sigma-delta modulator means (3, 4) for 
respectively converting said L channel analog audio 
signal and R channel analog audio signal to first and 
second streams of single bit stream data, 
data converter means (5, 6) for converting said first and 
second streams of single bit stream data to respective 
first and second PCM data streams with said fixed 
number of bits per data sample, and 
formatting means (7) for generating each of said audio 
data portions for respective audio packets by assigning 
respective bits of said first and second PCM data 
streams to said first and second channels, and assigning 
respective bits of said first and second streams of single 
bit stream data to said remaining 8 sets of said 10 data 
channels, for generating said ADI portion of said audio 
packet, containing said discrimination data, and for 
attaching said ADI portion to said audio data portion. 
5. An encoder apparatus according to claim 4, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3 .072 Mbps when said fixed number of bits has 



2. An optical recording disk according to claim 1, wherein 
said PCM data have been encoded at a sampling frequency 

of 48 kHz, and said single bit stream data have been encoded 40 been set as 16 and are encoded at a bit frequency of 3.840 
at a bit frequency of 3.072 Mbps when said fixed number of Mbps when said fixed number of bits has been set as 20. 
bits has been set as 16 and have been encoded at a bit 6. An encoder apparatus for generating a recording signal 
frequency of 3.840 Mbps when said fixed number of bits has for recording audio data on an optical recording disk as a 
been set as 20. sequence of audio packets containing respective audio 

3. An optical recording disk according to claim 1, wherein 45 portions, said audio portions being configured in a stream 
said PCM data have been encoded at a sampling frequency mode which is supplementary to existing stream modes 
of 44.1 kHz and said single bit stream data have been having from 1 to 8 data channels that are established for 
encoded at a bit frequency of 3,072 Mbps when said fixed audio packets recorded in PCM form in accordance with a 
number of bits has been set as 16 and have been encoded at DVD (Digital Video Disk) standard, said supplementary 
a bit frequency of 3.840 Mbps when said fixed number of 50 stream mode comprising a cyclically recurring sequence of 
bits has been set as 20, and wherein a number of audio data 10 sets of a fixed number of bits, where said fixed number 
bits of said PCM data of each of said first and second data is either 16 or 20, said sets respectively corresponding to 10 
channels in each of said audio data portions has been made data channels, wherein first and second ones of said 10 data 
equal to a total number of bits of said PCM data multiplied channels respectively convey left (L) and right (R) channel 
by a factor (44.1/48), through insertion of a predetermined 55 analog audio signals respectively encoded as pulse code 
number of padding bits in said PCM data of each of said first modulation (PCM) data streams with said fixed number of 
and second data channels, and wherein said discrimination bits per data sample, and a remaining 8 of said data channels 
data of each said ADI portion further contains sampling convey said L channel analog audio signal and said R 
frequency indication data specifying that said PCM data channel analog audio signal encoded by sigma-delta modu- 

60 lation as respective streams of single bit stream data, and 

wherein each of said audio packets includes an ADI (Audio 
Data Information) portion containing discrimination data to 
be detected by a decoder apparatus forjudging whether said 
audio data portion of said audio packet has been recorded in 
mode which is supplementary to" existing stream modes 65 said supplementary stream mode, wherein said PCM data 
having from 1 to 8 data channels that are established for have been encoded at a sampling frequency of 44.1 kHz, and 
audio packets recorded in PCM form in accordance with a said single bit stream data have been encoded at a bit 



have been generated at a sampling frequency of 44.1 kHz. 

4. An encoder apparatus for generating a recording signal 
for recording audio data on an optical recording disk as a 
sequence of audio packets containing respective audio 
portions, said audio portions being configured in a stream 
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frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and have been encoded at a bit frequency of 
3.840 Mbps when said fixed number of bits has been set as 
20, and wherein a number of audio data bits of said PCM 
data of each of said first and second data channels in each of 
said audio data portions has been made equal to a total 
number of bits of said PCM data multiplied by a factor 
(44.1/48), through insertion of a predetermined number of 
padding bits in said PCM data of each of said first and 
second data channels, and wherein said discrimination data 
of each said ADI portion further contains sampling fre- 
quency indication data to be detected by a decoder apparatus 
for judging whether said PCM data have been generated at 
a sampling frequency of 44.1 kHz, 
said encoder apparatus comprising: 
first and second sigma-delta modulator means (3, 4) for 
respectively converting said L channel and R channel 
analog audio signals to first and second streams of 
single bit stream data, 
data converter means (5, 6) for converting said first and 
second streams of single bit stream data to respective 
first and second PCM data streams at said sampling 
frequency of 44.1 kHz and with said fixed number of 
bits per data sample, and 
formatting means (7) for generating each of said audio 
data portions of respective audio packets by assigning 
respective bits of said first and second PCM data 
streams and said padding bits to said first and second 
channels, and assigning respective bits of said first 
single bit stream data and second single bit stream data 
to said remaining 8 sets of said 10 data channels, for 
generating said ADI portion of said audio packet, 
containing said d^rimination data, and for attaching 
said ADI portion to said audio data portion. 
7. A decoder apparatus for operating on a playback data 
stream read from an optical recording disk having recorded 
thereon successive portions of a stream of digitally encoded 
audio data, as respective audio data portions of successive 
audio packets, in a stream mode which is supplementary to 
existing stream modes having from 1 to 8 data channels that 
are established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, wherein first and second 
ones of said 10 data channels respectively convey left (L) 
and right (R) channel analog audio signals respectively 
encoded as pulse code modulation (PCM) data streams with 
said fixed number of bits per data sample, and a remaining 
8 of said data channels convey said L channel analog audio 
signal and said R channel analog audio signal encoded by 
sigma-delta modulation as respective streams of single bit 
stream data, and wherein each of said audio packets includes 
an ADI (Audio Data Information) portion containing dis- 
crimination data specifying that said audio data portion of 
said audio packet has been recorded in said supplementary 
stream mode, wherein said PCM data have been encoded at 
a sampling frequency of 48 kHz, and said single bit stream 
data have been encoded at a bit frequency of 3.072 Mbps 
when said fixed number of bits has been set as 16 and have 
been encoded at a bit frequency of 3.840 Mbps when said 
fixed number of bits has been set as 20 
said decoder apparatus comprising 
mode setting means (30, 32) for selectively setting a PCM 
decoding mode and a single bit stream decoding mode, 
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discrimination means (22, 32) for detecting said discrimi- 
nation data of said ADI portions of said playback data 
stream, and for judging said discrimination data to 
determine whether said optical recording disk has audio 
5 data recorded thereon in said supplementary stream 
mode, 

deformatting means (41) functioning, when said discrimi- 
nation means has determined that said optical recording 
disk has audio data recorded thereon in said supple- 
io mentary stream mode, to separate said PCM data 
conveyed by said first and second data channels and 
said single bit stream conveyed by said remaining 8 
data channels of said playback data stream into a first 
output data stream (SA) and second output data stream 
15 (SB) respectively, and for producing only said first 
output data stream (SA) when said PCM decoding 
mode has been set and producing only said second 
output data stream (SB) when said single bit stream 
decoding mode has been set, 
20 first channel separator means (42) for separating and 
processing said first output data stream (SA) into a 
stream of PCM data corresponding to said L channel 
analog audio signal and a stream of PCM data corre- 
sponding to said R channel analog audio signal, 
25 first and second D/A (Digital-to-Analog) converter means 
(44, 45) for respectively converting said streams of 
PCM samples corresponding to said L channel analog 
audio signal and R channel analog audio signal to said 
L and R channel analog audio signals respectively, 
second channel separator means (43) for separating and 
processing said second output data stream (SB) into a 
stream of single bit stream data corresponding to said 
L channel analog audio signal and a stream of single bit 
35 stream data corresponding to said R channel analog 
audio signal, and 
first and second low-pass filters (46, 47) for respectively 
converting said streams of single bit stream corre- 
sponding to said L channel analog audio signal and R 
4Q channel analog audio signal to said L channel and R 
channel analog audio signals. 
8. An optical recording disk having recorded thereon 
successive portions of a stream of digitally encoded audio 
data, as respective audio data portions of successive audio 
4 5 packets, in a stream mode which is supplementary to exist- 
ing stream modes having from 1 to 8 data channels that are 
established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
50 ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, . 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
55 modulation (PCM) data streams with said fixed number 
of bits per data sample, first (Lt) and second (Rt) 
combination channel signals which in combination 
convey three front channel (L, C, R) analog audio 
signals and one rear channel (R) analog audio signal, 
60 with said front channel and rear channel analog audio 
signals having been encoded to form said first (Lt) and 
second (Rt) combination channel signals by the Dolby 
Surround encoding method, 
wherein a remaining 8 of said data channels convey said 
65 three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit stream data, and 
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wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data to be detected by a decoder apparatus for 
judging whether said audio data portion of said audio 
packet has been recorded in said supplementary stream 5 
mode and whether said first and second combination 
channel signals have been generated by the Dolby 
Surround encoding method. 

9. An optical recording disk according to claim 8, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and are encoded at a bit frequency of 3.840 
Mbps when said fixed number of bits has been set as 20. 

10. An encoder apparatus for generating a recording 
signal for recording audio data on an optical recording disk 15 
having recorded thereon successive portions of a stream of 
digitally encoded audio data, as respective audio data por- 
tions of successive audio packets, in a stream mode which 

is supplementary to existing stream modes having from 1 to 
8 data channels that are established for audio packets 20 
recorded in PCM form in accordance with a DVD (Digital 
Video Disk) standard, said supplementary stream mode 
comprising a cyclically recurring sequence of 10 sets of a 
fixed number of bits, where said fixed number is either 16 or 
20, said sets respectively corresponding to 10 data channels, 25 
wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, first (Lt) and second (Rt) 
combination channel signals which in combination 30 
convey three front channel (L, C, R) analog audio 
signals and one rear channel (R) analog audio signal, 
with said front channel and rear channel analog audio 
signals having been encoded to form said first (Lt) and 
second (Rt) combination channel signals by the Dolby 35 
Surround encoding method, 
wherein a remaining 8 of said data channels convey said 
three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit stream data, 40 
wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of 
said audio packet has been recorded in said supple- ^ 
mentary stream mode and specifying that said first and 
second combination channel signals have been gener- 
ated by the Dolby Surround encoding method, 
said encoder apparatus comprising 

sigma-delta modulator means (52) for converting said 5Q 
three front channels (L> C, R) analog audio signals and 
one rear channel (R) analog audio signal to respective 
ones of 4 streams of single bit stream data, 

encoding means (53) for encoding said streams of single 
bit stream data to form said first and second combina- ss 
tion channel signals (Lt, Rt) as respective streams of 
single bit stream data, by the Dolby Surround encoding 
method, 

first and second data converter means (54, 56) for con- 
verting said first and second combination channel sig- 60 
nals (Lt, Rt) to respective first and second PCM data 
streams with said fixed number of bits per data sample, 

bandwidth compression means (57) for applying band- 
width compression by a factor of l A to each of said 4 
streams of single bit stream data, and 65 

formatting means (58) for generating each of said audio 
data portions of respective audio packets by assigning 



respective bits of said first and second PCM data 
streams to said first and second data channels and 
assigning respective bits of said 4 streams of single bit 
stream data to said remaining 8 data channels, for 
generating said ADI portion of said audio packet, 
containing said discrimination data, and for attaching 
said ADI portion to said audio data portion. 

11. An encoder apparatus according to claim 10, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and are encoded at a bit frequency of 3.840 
Mbps when said fixed number of bits has been set as 20. 

12. A decoder apparatus for operating on a playback data 
stream read from an optical recording disk having recorded 
thereon successive portions of a stream of digitally encoded 
audio data, as respective audio data portions of successive 
audio packets, in a stream mode which is supplementary to 
existing stream modes having from 1 to 8 data channels that 
are established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, first (Lt) and second (Rt) 
combination channel signals which in combination 
convey three front channel (L, C, R) analog audio 
signals and one rear channel (R) analog audio signal, 
with said front channel and rear channel analog audio 
signals having been encoded to form said first (Lt) and 
second (Rt) combination channel signals by the Dolby 
Surround encoding method, 

wherein a remaining 8 of said data channels convey said 
three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit stream data, and 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of 
said audio packet has been recorded in said supple- 
mentary stream mode and specifying that said first and 
second combination channel signals have been gener- 
ated by the Dolby Surround encoding method, 

wherein said decoder apparatus comprises 

mode setting means (30, 32) for selectively setting a PCM 
decoding mode and a single bit stream decoding mode, 

discrimination means (22, 32) for detecting said discrimi- 
nation data of said ADI portions of said playback data 
stream, and for judging said discrimination data to 
determine whether said optical recording disk has audio 
data recorded thereon in said supplementary stream 
mode and whether said audio data include said Dolby 
Surround encoded data, 

deformatting means (41) functioning, when said discrimi- 
nation means has determined that said optical recording 
disk has audio data recorded thereon in said supple- 
mentary stream mode and that said recorded data 
include said Dolby Surround encoded data, to separate 
said PCM data conveyed by said first and second data 
channels and said single bit stream data conveyed by 
said remaining 8 data channels of said playback data 
stream into a first output data stream (SA) and second 
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output data stream (SB) respectively, and for producing 
only said first output data stream (SA) when said PCM 
decoding mode has been set and producing only said 
second output data stream (SB) when said single bit 
stream decoding mode has been set, 5 

first channel separator means (59) for separating and 
processing said first output data stream (SA) to obtain 
said first combination channel signal (Lt) and second 
combination channel signal (Rt) as respective PCM 
data streams, 10 

decoding means (60) for decoding said first and second 
combination channel signals to obtain four PCM data 
streams respectively corresponding to said four channel 
(L, C, R, S) analog audio signals, 

(digital-to-analog) converter means (61) for converting 
said four PCM data streams to said four channel (L, C, 
R, S) analog audio channel signals respectively, 

second channel separator means (62) for separating and 
processing said second output data stream (SB) into ^ 
four streams of single bit stream data respectively 
corresponding to said four channel (L, C, R, S) analog 
audio signals, and 

low-pass filter means (63) for converting said four 
streams of single bit stream data to said four channel ^ 
(L, C, R, S) analog audio signals. 

13. An optical recording disk having recorded thereon 
successive portions of a stream of digitally encoded audio 
data, as respective audio data portions of successive audio 
packets, in a stream mode which is supplementary to exist- 30 
ing stream modes having from 1 to 8 data channels that are 
established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 35 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as pulse code modulation 
(PCM) data with said fixed number of bits per data 40 
sample, a stream of combination audio data derived by 
encoding N-channel analog audio signals using a pre- 
determined audio channel encoding method, where N is 
fixed plural integer, 

wherein a remaining 8 of said data channels convey said 45 
combination audio data, encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, 
and 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 50 
nation data to be detected by a decoder apparatus for 
judging whether said audio data portion of said audio 
packet has been recorded in said supplementary stream 
mode and whether said packet conveys combination 
audio data which have been generated by said prede- 55 
termined audio channel encoding method. 

14. An optical recording disk according to claim 13, 
wherein said PCM data are encoded at a sampling frequency 
of 48 kHz, and said single bit stream data are encoded at a 
bit frequency of 3.072 Mbps when said fixed number of bits 60 
has been set as 16 and are encoded at a bit frequency of 
3.840 Mbps when said fixed number of bits has been set as 
20. 

15. An optical recording disk according to claim 13, 
wherein said predetermined audio channel encoding method 65 
is in accordance with the Dolby AC-3 multichannel audio 
system. 



16. An optical recording disk according to claim 13, 
wherein said predetermined audio channel encoding method 
is in accordance with the DTS (Digital Theater System) 
multichannel audio system. 

17. An optical recording disk according to claim 13, 
wherein said predetermined audio channel encoding method 
is in accordance with the SDDS (Sony Dynamic Digital 
Sound) multichannel audio system. 

18. An encoder apparatus for generating a recording 
signal for recording audio data on an optical recording disk 
having recorded thereon successive portions of a stream of 
digitally encoded audio data, as respective audio data por- 
tions of successive audio packets, in a stream mode which 
is supplementary to existing stream modes having from 1 to 
8 data channels that are established for audio packets 
recorded in PCM form in accordance with a DVD (Digital 
Video Disk) standard, said supplementary stream mode 
comprising a cyclically recurring sequence of 10 sets of a 
fixed number of bits, where said fixed number is either 16 or 
20, said sets respectively corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, a stream of combination audio 
data derived by encoding N-channel analog audio sig- 
nals using predetermined audio channel encoding 
method, where N is a fixed plural integer, 

wherein a remaining 8 of said data channels convey said 
combination audio data, encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, 
and 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of 
said audio packet has been recorded in said supple- 
mentary stream mode and specifying that said packet 
conveys combination audio data which have been gen- 
erated by said predetermined audio channel encoding 
method, 

said encoder apparatus comprising 

sigma-delta modulation means (52) for converting said 
N-channel analog audio signals to respective streams of 
single bit stream data, 

encoding means (68) for encoding said streams of single 
bit stream data to form said combination audio data, by 
said predetermined audio channel encoding method, 

data converter means (69) for converting said combina- 
tion audio data stream to a PCM data stream with said 
fixed number of bits per data sample, 

bandwidth compression means (70) for applying band- 
width compression by a factor of 2/N to each of said 
streams of single bit stream data, and, 

formatting means (71) for generating each of said audio 
data portions of respective audio packets by assigning 
respective bits of said first and second PCM data 
streams to said first and second data channels and 
assigning respective bits of each of said streams of 
single bit stream data to said remaining 8 data channels, 
for generating said ADI portion of said audio packet, 
containing said discrimination data, and for attaching 
said ADI portion to said audio data portion. 

19. An encoder apparatus according to claim 18, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and are encoded at a bit frequency of 3.840 
Mbps when said fixed number of bits has been set as 20. 



03/17/2004, EAST Version: 1.4.1 



6,160,953 

39 40 

20. A decoder apparatus for operating on a playback data of single bit stream data respectively corresponding to 

stream read from an optical recording disk having recorded said N-channcl analog audio signals, and 

thereon successive portions of a stream of digitally encoded N low-pass filters (81) for respectively converting said N 

audio data, as respective audio data portions of successive streams of single bit stream data to said N channel 

audio packets, in a stream mode which is supplementary to 5 analog audio signals. 

existing stream modes having from 1 to 8 data channels that 21. An optical recording disk having recorded thereon 

are established for audio packets recorded in PCM form in successive portions of a stream of digitally encoded audio 

accordance with a DVD (Digital Video Disk) standard, said data, utilizing a stream mode which combines pulse code 

supplementary stream mode comprising a cyclically recur- modulation (PCM) data and single bit stream data, wherein 

ring sequence of 10 sets of a fixed number of bits, where said sa id stream comprises a cyclically recurring sequence of N 

fixed number is either 16 or 20, said sets respectively sets of B bits where N and B are respective fixed values, said 

corresponding to 10 data channels, sets respectively corresponding to N data channels, wherein 

wherein first and second ones of said 10 data channels an( j second ones of said N data channels respectively 

respectively convey, encoded as respective pulse code convey left (L) channel (R) channel analog audio signals 

modulation (PCM) data streams with said fixed number resp ectively encoded as pulse code modulation (PCM) data 

of bits per data sample, a stream of combination audio ^ B bi{& data sample ^ a first half of remaining (N-2) 

data derived by encoding N-channel analog audio sig- q£ ^ daU channeIs convey ^ L chanDel ana i og audio 

nals using a predetermined audio channel encoding encoded by modula tion as single bit 

method, where N is a fixed plural integer, g ^ ^ ^ of gaid remaming dala 

wherein a remaining 8 of said data channels convey said channels co ^ R audio signal channel encoded 

combination audio data, encoded by sigma-delta modu- 20 ^ ^ ^ and * wherein each of ^ ^ of B 

lation as respective streams of single bit stream data, ^ . to an ^ D ^ Informalion) portioo 

™ containing abomination data to be detected by a decoder 

wherein each of said audio packets includes an ADI apparatus for judging wnether ^ each set of B bits 

(Audio Data Information) portion containing discnmi- ^ s audio daU in said stream mode 

nation data specifying that said audio data portion of 22 A decoder apparatus for operating on a playback data 

said audio packet has been recorded in said supple- stream rcad from an Qptical recording having recor ded 

mentary stream mode and specifying that said packet thereQn successive portioDS of a siic3m Q f digitally encoded 

conveys combination audio data which have been gen- au(Jio d ^ r ™ ective audio data portions of successive 

erated by said predetermined audio channel encoding ^ audk) packetSj ^ a strcam modc which ^ sup p lementary to 

method, existing stream modes having from 1 to 8 data channels that 

wherein said decoder apparatus comprises m established for audio packets recorded in PCM form in 

mode setting means (30, 32) for selectively setting a PCM accordance with a DVD (Digital Video Disk) standard, said 

decoding mode and a single bit stream decoding mode, supplementary stream mode comprising a cyclically recur- 

discrimination means (22, 32) for detecting said discrimi- 35 ring sequence of 10 sets of a fixed number of bits, where said 

nation data of said ADI portions of said playback data f} xcd number is either 16 or 20, said sets respectively 

stream, and for judging said discrimination data to corresponding to 10 data channels, wherein first and second 

determine whether said optical recording disk has audio oncs 0 f sa i d 10 data channels respectively convey left (L) 

data recorded thereon in said supplementary stream and right (R) channel analog audio signals respectively 

mode and whether said audio data include combination ^ encoded as pulse code modulation (PCM) data streams with 

audio data encoded by said predetermined audio chan- sa j d fixed number of bits per data sample, and a remaining 

nel encoding method, 8 of said data channels convey said L channel analog audio 

deform atting means (41) functioning, when said discrimi- signal and said R channel analog audio signal encoded by 

nation means has determined that said optical recording sigma-delta modulation as respective streams of single bit 

disk has audio data recorded thereon in said supple- 45 stream data, wherein each of said audio packets includes an 

mentary stream mode and that said recorded data ADI (Audio Data Information) portion containing discrimi- 

include said combination audio data encoded by said nation data specifying that said audio data portion of said 

predetermined audio channel encoding method, to audio packet has been recorded in said supplementary 

separate said PCM data conveyed by said first and stream mode, wherein said PCM data have been encoded at 

second data channels and said single bit stream data 50 a sampling frequency of 44.1 kHz, and said single bit stream 

conveyed by said remaining 8 data channels of said data have been encoded at a bit frequency of 3.072 Mbps 

playback data stream into a first output data stream when said fixed number of bits has been set as 16 and have 

(SA) and second output data stream (SB) respectively, been encoded at a bit frequency of 3.840 Mbps when said 

and for producing only said first output data stream fixed number of bits has been set as 20, and wherein a 

(SA) when said PCM decoding mode has been set and ss number of audio data bits of said PCM data of each of said 

producing only said second output data stream (SB) first and second data channels in each of said audio data 

when said single bit stream decoding mode has been portions has been made equal to a total number of bits of said 

set, PCM data multiplied by a factor (44.1/48), through insertion 

decoding means (78) for operating on said first output of a predetermined number of padding bits in said PCM data 

data stream (SA) to obtain N streams of PCM audio ^ of each of said first and second data channels, and wherein 

data respectively corresponding to said N-channel ana- said discrimination data of each said ADI portion further 

log audio signals, contains sampling frequency indication data specifying that 

N-channel analog-to-digital converter means (79) for con- said PCM data have been generated at a sampling frequency 

verting said N channels of PCM audio data to said of 44.1 kHz, 

N-channel analog audio signals, 65 said decoder apparatus comprising 

channel separator means (80) for separating and process- mode setting means (30, 32) for selectively setting a PCM 

ing said second output data stream (SB) into N streams decoding mode and a single bit stream decoding mode, 
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discrimination means (22, 32) for detecting said discrimi- 
nation data of said ADI portions of said playback data 
stream, and for judging said discrimination data to 
determine whether said optical recording disk has audio 
data recorded thereon in said supplementary stream 5 
mode, 

deformatting means (41) fuactioning, when said discrimi- 
nation means has determined that said optical recording 
disk has audio data recorded thereon in said supple- 
mentary stream mode, to separate said PCM data 10 
conveyed by said first and second data channels and 
said single bit stream data conveyed by said remaining 
8 data channels of said playback data stream into a first 
output data stream (SA) and second output data stream 
(SB) respectively, and for producing only said first 15 
output data stream (SA) when said PCM decoding 
mode has been set and producing only said second 
output data stream (SB) when said single bit stream 
decoding mode has been set, 

first channel separator means (42) for separating and 
processing said first output data stream (SA) into a 



20 
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stream of PCM data corresponding to said L channel 
analog audio signal and a stream of PCM data corre- 
sponding to said R channel analog audio signal, 

first and second D/A(Digital-to-Analog) converter means 
(44, 45) for respectively converting said streams of 
PCM samples corresponding to said L channel analog 
audio signal and R channel analog audio signal to said 
L and R channel analog audio signals respectively, 

second channel separator means (43) for separating and 
processing said second output data stream (SB) into a 
stream of single bit stream data corresponding to said 
L channel analog audio signal and a stream of single bit 
stream data corresponding to said R channel analog 
audio signal, and 

first and second low-pass filters (46, 47) for respectively 
converting said streams of single bit stream data cor- 
responding to said L channel analog audio signal and R 
channel analog audio signal to said L channel and R 
channel analog audio signals. 
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[57] ABSTRACT 

An optical recording disk has audio signals recorded as data 
encoded in accordance with DVD specifications, both as 
PCM data and as single bit stream data that are generated by 
sigma-delta modulation, thereby providing both the 
improved audio reproduction capability of single bit stream 
data and also compatibility with existing types of DVD 
playback apparatus. Data are recorded using proposed new 
DVD stream modes, having 10 data channels, 48 kHz PCM 
sampling frequency and 16 or 20 bits/sample, with the ratio 
(2:8) of data channel capacities allocated to the PCM data 
and single bit stream data being made identical to the ratio 
of the respective bit rates at which the PCM data and single 
bit stream data arc generated. 

22 Claims, 23 Drawing Sheets 
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TABLE 1 



STREAM MODE 


AMOUNT OF DATA/PACKET 


NO. OF 
CHANNELS 


oAMrLINo 

FREQ. (kHz) 


DITC/ 

til 10/ 
SAMPLE 


MAYIMI IM KIP) OC 
MAaIMUIvI l\U. Ur 

SAMPLES/PACKET 


UM In ol£.t 

(BYTES) 


1 (MONO) 


48/96 


16 


1004 


2008 


48/96 


20 


804 


2010 


48/96 


24 


670 


2010 


2(STEREO) 


48/96 


16 


502 


2008 


48/96 


20 


402 


2010 


48/96 


24 


334 


2004 


3 


48/96 


16 


334 


2004 


48/96 


20 


268 


2010 


48 


24 


222 


1998 


4 


48/96 


16 


250 


2000 


48 


20 


200 


2000 


48 


24 


166 


1992 


5 


48 


16 


200 


2000 


48 


20 


160 


2000 


48 


24 


134 


2010 


6 


48 


16 


166 


1992 


48 


20 


134 


2010 


7 


48 


16 


142 


1998 


8 


48 


16 


124 


1984 



FIG. 25 
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STREAM MODE 


AMOUNT OF DATA/PACKET 


NO. OF 
CHANNELS 


O A ft J r*M | k i /"> 

SAMPLING 
FREQ (kHz) 


BITS/ 
SAMPLE 


MAXIMUM NO. OF 
SAMPLES/PACKET 


p\ ATA CITTC 

DATA SIZE 
(BYTES) 


1 (MONO) 


AA/QR 
HO/ 570 


1R 

1 0 


moA 


900ft 


AA/QR 
ho/ 570 


90 


AOA 

OUH 


9010 

CM 1 V/ 


AA/QR 

HO/ 570 


9A 

C*r 


R70 

MIM 


C\J \ \J 


2(STEREO) 


AA/QR 
HO/ 570 


1fi 
10 


502 


2008 


AA/QR 

Ho/yo 




A09 

HUc 


2010 

CM \ M 


AA/QR 
Ho/yo 


9A 

tH 


OOH 


200A 


3 


AA/QR 
HO/ 30 


10 


OOH 


2004 


AA/QR 

HO/yO 


CM 


9RA 
£00 


2010 


AA/QR 
HO/SO 


9A 

tH 


992 
ccc 


1QQR 
1 osu 


4 


AA/QR 

H 0/570 


1fi 


950 


2000 


AA/QR 

HO/yO 


90 

CM 


900 


2000 


AA/QR 

HO/ 570 


9A 

£H 


1 00 


1QQ9 
I wc 


5 


AA/QR 

H0/5J0 


IO 


900 

CMM 


2000 


AA/QR 

HO/5JO 


90 

CM 


1R0 
iOO 


2000 


Aft 

HO 


9A 

tH 


1^4 

I JH 


2010 

CM IU 


0 


AA/Qfi 
HO/ 570 


1R 
10 


1RR 

i 00 


1QQ2 

1 5757£ 


AA 

HO 


90 


I^H 


2010 
CM \ M 


48 


24 


111 


1998 


7 


48 


16 


142 


1998 


48 


20 


114 


2006 


48 


24 


94 


1992 


8 


48 


16 


124 


1984 


48 


20 


100 


2000 


48 


24 


82 


1968 


F/G. 26 

PRIOR ART 

TABLE 3 


STREAM MODE 


AMOUNT OF DATA/PACKET 


NO. OF 
CHANNELS 


SAMPLING 
FREQ. (kHz) 


BITS/ 
SAMPLE 


MAXIMUM NO. OF 
SAMPLES/PACKET 


DATA SIZE 
(BYTES) 


10 


48/96 


16 


100 


2000 


48/96 


20 


80 


2000 



FIG. 27 
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DVD-COMPATIBLE OPTICAL RECORDING 
DISK CONVEYING AUDIO SIGNALS 
ENCODED BOTH AS PCM DATA AND AS 
SINGLE BIT STREAM DATA GENERATED 
BY SIGMA-DELTA MODULATION, AND 5 
ENCODER APPARATUS AND DECODER 
APPARATUS FOR SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 
The present invention relates in general to audio optical 

recording disks for recording audio signals as digital data, 
and to an encoder apparatus and decoder apparatus for 
recording and playback of data to/from such a disk. In 
particular, the invention relates to a new type of audio 15 
optical recording disk which is in accordance with DVD 
(digital video disk) standards and which enables selection of 
playback of recorded audio data as either PCM (pulse code 
modulation) data or as single bit stream data which has been 
generated by sigma-delta modulation, and to types of 20 
encoder apparatus and decoder apparatus which are suitable 
for use with such a disk. 

2. Prior Art 

More than ten years have passed since the CD (compact ^ 
disk) was first marketed as an optical recording disk having 
audio signals recorded thereon in digital form, and CDs have 
akeady surpassed cassette tapes as the main medium used 
for audio recording. Various types of data (Eight to 
Fourteen) modulation and recording method which utilizes 30 
8-bit fixed-length data symbols, and the CRC method, etc. 
CD players have been correspondingly developed, having 
various types of added application functions. 

An audio signal is recorded on a CD by encoding as PCM 
data, using a sampling frequency of 44.1 kHz and 16 bits per 35 
sample (i.e. 16 quantization bits), for each of the left (L) and 
right (R) channel stereophonic signals. Such recording pro- 
vides a reproduction bandwidth of approximately 22 kHz, 
and a S/N (signal-to-noise) ratio of approximately 96 dRJn^ 
the_case of CD-ROMs which are used for example inlh e 40 
field of electronic publishing, audio data are_generally 
recorde d " On such a di slrby using " ADP'CMjg gapJiyeJ^if- 
fe rential Pulse Code Mo^ul aTlmf^to^mpre^^e^ data .As 
aTesult, the reproduced ^"gj^ffly obtainable is inferio r 
t oTEanfotaliral^^ 45 

In r ecent years, it nas come to be rea lised that the 
pla yback cha racteri stic s , "f < h n rnnvffn*^" 1 * 1 type "f CP a j e 
u nsatisfactory, with respect to the reproduction bandwid th 
(f.e. the bandwidth of the analog audio signal obtained by 
playback of data from such a disk) and tfte signal/noise ratio , 50 
an d* that there is a ne~gd~to establish standards for a next - 
generation audio recording disk w hich will hav e superio r 
c haracteristics . Basically, the requirements for the cfiarac- 
tcriSllcToTsuch a new type of audio recording disk would be 
as follows: a reproduction bandwidth of 100 kHz and a 5s 
signal/noise ratio that is in the range 12 0 to 144 dB. 
"'One method which is receivmg attention lor the purposes 
of implementing such a type of audio disk is the single bit 
stream method, whereby a stream of successive single bits 
(as respective sample values) is produced as a result of A/D 60 
(analog-to-digital) conversion of an analog audio signal, 
rather than a stream of successive multi-bit sample values. 
This type of A/D conversion can be performed by sigma- 
delta modulation, for example as described in Japanese 
Patent Application Laid-open (HEI) 6-232755. FIGS. 24A to 65 
24D are respective block system diagrams for illustrating 
different methods of A/D and subsequent D/A (digital- to- 



2 

analog) conversion applied to analog audio signals, for 
transfer through a processing system such as an optical disk 
recording/playback system. FIG. 24D illustrates the sigma- 
delta modulation method for generating single bit stream 
data. As shown, conversion of an analog audio signal to a 
stream of single bit stream data is performed by first 
transferring the analog audio signal through a first or 
second-order analog LPF (low-pass filter) 200, then supply- 
ing the resultant signal to an analog sigma-delta modulator 
201. In this example, the sigma-delta modulator 201 consists 
of an input subtractor, an integrator receiving the output 
signal from the subtractor, a 1-bit quantizer which operates 
at a fixed quantization frequency and operates on the output 
signal from the integrator, and a feedback delay element 
(Z _1 ) providing a delay amount which is equal to one 
quantization period, so that the subtractor subtracts the 
delayed output signal of the quantizer from the input signal 
of the integrator. Since the principles of sigma-delta modu- 
lation are now well known, detailed description will be 
omitted. The resultant output flow of successive 1 or 0-state 
bits (referred to herein as "single bit stream data) can be 
supplied directly to a recording system to be recorded on an 
optical recording disk, and playback of the optical recording 
disk can subsequently be performed. Such recording and 
playback operations are represented as a "processing sys- 
tem" 202. In this example, the sigma-delta modulation 
sampling frequency (i.e. the bit rate of the resultant data 
stream) is assumed to be 768 kHz. 

By comparison with the conventional PCM method used 
for audio CDs which is shown in FIG. 24A, the oversam- 
pling method which is shown in FIG. 24B, or the analog 
sigma-delta modulation method which is shown in FIG. 24C 
(in which each sample that is obtained by the sigma-delta 
modulation process is encoded as a plurality of bits rather 
than as a single bit), the single bit stream type of sigma-delta 
modulation has the following advantages: 

(1) The sampling frequency (i.e. the bit rate) can be made 
sufficiently high to enable very effective noise shaping 
to be achieved. As a result, an excellent signal/noise 
ratio can be attained. 

(2) By comparison with the conventional PCM method, 
the reproduction bandwidth can be made substantially 
wider. 

(3) With the single bit stream method, the part of a 
playback system which recovers an original analog 
audio signal from a stream of digital data can be made 
extremely simple, i.e. only an analog LPF is necessary. 
With the conventional methods of FIGS. 24A to 24C, 
on the other hand, it is necessary to utilize a D/A 
converter to implement that function. 

As a specific example, using the single bit stream method 
with a sampling frequency which is 66 times the PCM 
sampling frequency of conventional audio CDs (44.1 kHz), 
the sampling frequency becomes (66x44.1 kHz)»2.82 MHz, 
i.e. the bit rate of the resultant data stream is 2.82 Mbps. Id 
that case, the reproduction bandwidth is 100 kHz, and the 
signal/noise ratio of the reproduced analog audio signal is 
approximately 120 dB. 

With the prior art PCM method on the other hand, to 
achieve such results, it would be necessary to use for 
example a sampling frequency of 200 kHz with 20 bits per 
sample, so that the transmission frequency of the resultant 
data would be 4.00 MHz. The superiority of the single bit 
stream method is therefore apparent. 

It can thus be understood that adoption of the single bit 
stream method for recording audio signals on optical record- 
ing disks would enable the defects of prior art types of audio 
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CD to be overcome, so that it can be expected that the single It is a further objective of the present invention to provide 

bit stream method will become widely adopted in the field an encoder apparatus for encoding an analog audio signal to 

of audio recording technology. However most of the digital obtain data to be recorded on such an optical recording disk, 

audio recording and playback equipment which is now in and a decoder apparatus for decoding data which are read 

existence is designed for use with the conventional PCM 5 from such an optical recording disk to thereby recover an 

method, and of course most of the recorded media which are original analog audio signal. 

now available utilize the PCM data format. It would not be Since the term "channel" may be assigned various differ- 

practicable, therefore, to expect the users of such optical en t significances, the following practice is followed within 

recording disks to immediately switch over to use of the this specification and in the appended claims. A channel 

single bit stream method. io which is one of a plurality of audio sound channels, such as 

On the other hand, standards have already been estab- me stereo R and L channels, will be referred to as an audio 
lished for DVDs, which are expected to become widely used channel. A channel which is constituted by periodically 
in the field of multimedia, and DVD playback systems and occurring sets of bits within a time -division multiplexed data 
AV (audio-video) software are already being marketed, stream (and in particular, within each audio data portion of 
based on the standards which have been established. It can 15 ea ch of respective audio packets within a stream of DVD 
thus be anticipated that DVDs will come into widespread data packs) will be referred to as a data channel, 
use, as a high-density recording medium. Basic DVD stan- To obtam ^ above objectives, according to a first aspect 
dards which have been established include the DVD-Video me mvention pr0 vides an optical recording disk having 
standards, for video disk applications, the DVD-ROM recorded thereon successive portions of a stream of digitally 
standards, for ROM (read-only memory) and the DVD- 20 encodcd audio data> ^ reS p C ctive audio data portions of 
RAM standards, for RAM (random access memory) appli- succcss ive audio packets, in a stream mode which is supple- 
cations. Respective standards for the data pack formats of mentary to existing stream modes having from 1 to 8 
these have been established. channels that are established for audio packets recorded in 

Such data pack format standards are illustrated m FIGS. pCM form in accordance ^th a DVD standard, the supple- 

20 to 23. FIG. 20 shows the basic format of a DVD data 25 mentary stream mode comprising a cyclically recurring 

pack, FIG. 21 shows the format of a video pack which seqU enceof 10 sets of a fixed number of bits, where the fixed 

conveys video data, FIG. 22 shows the format of an audio num b C r is either 16 or 20, the sets respectively correspond- 

pack, for the case in which audio signals are encoded as mg tQ 1Q data cnanncls> wherein first and second ones of the 

PCM data, FIG. 23(a) shows the format of a DSI (Data 1Q daU chanricls respectively convey left (L) channel and 

Search Information) video pack, and FIG. 23(b) shows the 30 right ^ cnaimc ] analog aud i Q s i gna ls respectively encoded 

format of a VBI (Video Blanking Information) video pack. ^ pCM data streams ^th tne fixed number of bits per data 

It should be noted that the format standards for PCM data samp i c> an d a remaining 8 of the data channels convey the 

in audio packs are not limited to that shown for PCM data L channel aud i 0 s i gna i and the R channel analog 

in FIG. 22. Other audio pack format standards include those audio signal encoded by sigma-delta modulation as respec- 

established for audio which accompanies various types of 35 dye strea ms of single bit sequence data, and wherein each of 

video signal, e.g. for the Dolby AC-3 audio system (in {h& packets i nc i udes an ADI portion containing dis- 

accordance with the NTSC video system) system, and for crimination data specifying that the audio data portion of the 

the MPEG (Moving Pictures Experts Group) audio system audio packet has beeri rec0 rded in the supplementary stream 

(in accordance with the PAL, SECAM video systems). mode 

Hence considers .the widespread popularity which can 40 . . f ^ pcMdatahave 

be anticipated for DVDs in the future, it would be very * * 4g theQ ^ 

advantageous to be able to make ite, single bit stream ce ^ ^ ^ a a W| 

method compatible with the existing ; DVD standards. In that ^ fix J number of bits nas 

way the advantages of the single bit stream memod with bee 4 n ^ t ^ 16 ad en J ded at a bit frequency of 3.840 Mbps 

regard to increased reproduction bandwidth and improved 45 • Qf ^ h&s ^ ^ ^ 2Q 
signal/noise ratio could be made widely available to users. 

In particular, it should be possible to ensure compatibility The above features can be understood as follows, refer- 

with the PCM data format for audio signals, specified in the ring to FIGS. 25-27, respectively illustraUng Tables 1 to 3. 

DVD standards. Table 1 shows the 8 stream modes, utilizing from one to 

50 eight data channels with a data transfer rate of 6.144 MHz, 

SUMMARY OF THE INVENTION which are specified for audio packets which convey audio 

It is an objective of the present invention to provide an data encoded in PCM form by the originally established 

optical recording disk for audio reproduction applications, DVD standards. Subsequently, additional standards for such 

which utilize a new stream mode for audio packets that is in DVD audio packets have been proposed, since it has been 

addition to existing stream modes for audio packets con- 55 found that the data transfer rate set by the original standards 

veying audio data encoded by PCM, i.e. is in addition to the is not sufficiently high. Table 2 shows these proposed new 

existing stream modes which are specified in existing DVD standards for 8 stream modes. These are based on a data 

standards for such audio packets, and to thereby provide an transfer rate of 9.8 Mbps, and so provide substantially 

optical recording disk on which audio data are recorded both increased data transfer bandwidth. 

as PCM data and also as single bit stream data. Such an 60 With the present invention, it is proposed to establish 

optical recording disk will provide the improved character- standards for a new stream mode, for 10-channel data 

istics of the single bit stream method as described transfer by DVD audio packets. The embodiments of the 

hereinabove, by comparison with that attainable with con- invention described herein assume the use of this new 

ventional CDs or with existing audio data recorded on stream mode, whose specifications are as shown in Table 3. 

DVDs (i.e. as PCM data), while at the same time having data 65 In Table 3, it should be noted that the values of sampling 

recorded thereon in a format which is based on the DVD frequency f s (48 kHz) and possible numbers of bits/sample 

standards. (16 or 20) apply to PCM data samples, although both PCM 
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data and single bit stream data are conveyed together by the 
10 channels. It should also be noted that the value of 
"number of samples within each packet" actually refers to a 
total number of [PCM samples4<16-12 bit or 20-bit sets of 
single bit stream data] within each packet. It should be 
further noted that the values shown for "number of samples 
within each packet" and "data size" (i.e. amount of audio 
data conveyed by each packet) are given by way of example, 
and that the invention is not limited to the use of these 
specific values. 

As a specific example of using this new stream mode, if 
two (L channel, R channel) analog audio signals are encoded 
by PCM at a sampling frequency of 48 kHz, with the number 
of quantization bits (i.e. bits per sample) being 16, then the 
basic data transfer rate (i.e. the rate at which the encoded 
data are generated is 1.536 Mbps (i.e. 2x48x16). If the same 
two analog audio signals are encoded in single bit stream 
form by sigma-delta modulation, and if the basic data 
transfer rate is made four times that of the PCM data (i.e. is 
made 6.144 Mbps), then it will be apparent that it becomes 
possible to convey the PCM data (time-axis compressed to 
a data rate of 6.144 MHz) by two of the 10 data channels, 
and convey the single bit stream data by the remaining 8 
channels, then the respective data flows can be exactly 
matched to the channel carrying capacities (i.e. since the 
ratio of these capacities is 2:8, i.e. 1:4). This can be achieved 
by encoding each of the L and R channel analog audio 
signals as single bit stream data at a rate of 6.144/2 Mbps, 
i.e. 3.072 Mbps, assigning the resultant L channel single bit 
stream data to four of the aforementioned 8 remaining data 
channels, and assigning the resultant R channel single bit 
stream data to the remaining four data channels. In that way, 
the L and R channel analog audio signals can be conveyed 
by the 10 data channels as both PCM data and single bit 
stream data. 

I twill be appare nt that suc h an optical recording disk w ill 
enable selective playpacK oi the two differ ently encoded 
type s of "data, each expressing the L apd'R channel analog 
audio^ sTgDals, i.e. by selecting the contents of the first tw o 
channels of the 10 data channel s of the playback data flow 
read irom su ch a dislc, PCM aata is obtamed, which can be 
S upplied to any existing audio system which has be en 
designed to operate on PCM-encoded audio data which ar e 
read out fro m a DVD. Alternatively, by selecting the co n- 
tents ot me remaining 8 channels of the 10 data channel s of 
the playbacK data now, single bit stream data are obtain ed, 
which can be supplied to an audio system that has bee n 
designed to utilize the sup e ri or re productio n cha racteristic s 
available with the single bit stream me thod. 

According to a second aspect, the invention provides an 
encoder apparatus for generating a recording signal for 
recording data in the supplementary mode on such an optical 
recording disk, with the encoder apparatus comprising: 
first and second sigma-delta modulators for respectively 
converting the L channel analog audio signal and R 
channel analog audio signal to first and second streams 
of single bit sequence data, 
data converter means for converting the first and second 
streams of single bit sequence data to respective first 
and second PCM data streams at the sampling fre- 
quency of 48 kHz and with the fixed number of bits per 
data sample, and 
formatting means for generating each of the audio data 
portions of respective audio packets by assigning 
respective bits of the first and second PCM data streams 
to the first and second data channels, and assigning 
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respective bits of the first and second streams of single 
bit sequence data to the remaining 8 sets of the 10 data 
channels, for generating the ADI portion of the audio 
packet, containing the discrimination data, and for 

5 attaching the ADI portion to the audio data portion. 
With such an encoder apparatus, the L and R channel 
analog audio signals are each converted to single bit stream 
data form, by sigma-delta modulation using 1-bit quantiza- 
tion and the single bit stream data are then converted to PCM 

10 data by data conversion means. Assuming that the PCM 
sample rate is 48 kHz, then if the number of bits/sample is 
16, the bit rate of the single bit stream data should be 3.072 
Mbps, while if the number of bits/sample of the PCM data 
is 20, then the bit rate of the single bit stream data should be 

15 3.840 Mbps. The formatting means, operating on the basis of 
a stream mode shown in Table 3, allocates the PCM data to 
two of the 10 data channels, and allocates the single bit 
stream data to the remaining 8 of the 10 data channels. In 
addition, to provide an indication that the optical recording 

20 disk has data recorded in accordance with a special stream 
mode, discrimination data indicating that fact are recorded 
within the ADI section of each audio packet. 

Alternatively, the PCM data recorded on the optical 
recording disk may have been encoded at a sampling fre- 

25 quency of 44.1 kHz, with the single bit sequence data 
encoded at a bit frequency of 3.072 Mbps when the fixed 
number of bits has been set as 16 and encoded at a bit 
frequency of 3.840 Mbps when the fixed number of bits has 
been set as 20, and with a number of audio data bits of the 

30 PCM data of each of the first and second data channels in 
each of the audio data portions having been made equal to 
a total number of bits of the PCM data multiplied by a factor 
(44.1/48), through insertion of a predetermined number of 
padding bits in addition to the PCM data in each of the first 

35 and second data channels of the audio data portion, and with 
the discrimination data of each ADI portion further contain- 
ing sampling frequency indication data specifying that the 
PCM data have been generated at a sampling frequency of 
44.1 kHz. 

40 With such an optical recording disk, the PCM data are 
recorded at a sample frequency of 44.1 kHz, which is the 
standard sampling frequency used for PCM data recorded on 
CDs, as opposed to the sampling frequency of 48 kHz which 
is utilized for PCM audio data recorded on DVDs. As a 

45 result, the quantity of PCM audio data recorded in each 
audio packet must be reduced by comparison with the case 
in which the sampling frequency is 48 kHz, i.e. reduced by 
a factor of 44.1/48. For that reason, padding bits are attached 
to the PCM audio data in each of the data channels in each 

50 of the audio packets, such as to maintain a ratio of 2:8 
between the amounts of data recorded in PCM form and data 
recorded in single bit stream form. It is ensured that such 
padding bits will have no effect upon the reproduced audio 
signal, e.g. by making these all "0" bits. In addition, the 

55 encoder apparatus inserts discrimination data into the ADI 
sections of the audio packets, which indicates that the audio 
portion of each packet has been recorded using a special 
stream mode, Le. indicating one of the modes shown in 
Table 3 while also indicating that the PCM audio data have 

so been recorded using a sampling frequency of 44.1 kHz, 
rather than 48 kHz. 

According to a third aspect, the invention provides an 
encoder apparatus for generating a recording signal for 
recording data in the supplementary mode on such an optical 

65 recording disk in which PCM data have been recorded using 
a sampling frequency of 44.1 kHz, with the encoder appa- 
ratus comprising: 
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first and second sigma-delta modulators for respectively 
converting the L channel and R channel analog audio 
signals to first and second streams of single bit 
sequence data, 

data converter means for converting the first and second 5 
streams of single bit stream data to respective first and 
second PCM data streams at the sampling frequency of 
44.1 kHz and with the fixed number of bits per data 
sample, and 

formatting means for generating each of the audio data 10 
portions of respective audio packets by assigning 
respective bits of the first and second PCM data streams 
and the padding bits to the first and second data 
channels, and assigning respective bits of the first 
single bit sequence data and second single bit sequence 
data to the remaining 8 sets of the 10 data channels, for 
generating the ADI portion of the audio packet, con- 
taining the discrimination data, and for attaching the 
ADI portion to the audio data portion. 
Thus with such an encoder apparatus, the PCM data are 
recorded on two of the 10 data channels of one of the stream 20 
modes shown in Table 3, at a sampling frequency of 44.1 
kHz, and the formatting means periodically attaches sets of 
the aforementioned padding bits to the recorded PCM data 
of each of the two data channels. In other respects, it can be 
understood that the basic configuration of such an encoder 
apparatus is substantially identical to that of an encoder 
apparatus according to the present invention for recording 
audio data on optical recording disks with a PCM sampling 
frequency of 48 kHz. 3Q 

According to a fourth aspect, the invention provides a 
decoder apparatus for operating on a playback data stream 
read from either of the two types of optical recording disk 
defined above, with the decoder apparatus comprising 

mode setting means for selectively setting a PCM decod- ^ 

ing mode and a single bit sequence decoding mode, 
discrimination means for detecting the discrimination 
data of the ADI portions of the playback data stream, 
and for judging the discrimination data to determine 
whether the optical recording disk has audio data ^ 
recorded thereon in the supplementary stream mode, 
deformatting means functioning, when the discrimination 
means has determined that the optical recording disk 
has audio data recorded thereon in the supplementary 
stream mode, to separate the PCM data conveyed by 45 
the first and second data channels and the single bit 
sequence data conveyed by the remaining 8 data chan- 
nels of the playback data stream into a first output data 
stream (SA) and second output data stream (SB) 
respectively, and for producing only the first output 50 
data stream (SA) when the PCM decoding mode has 
been set and producing only the second output data 
stream (SB) when the single bit sequence decoding 
mode has been set, 
first channel separator means (42) for separating and 55 
processing the first output data stream (SA) into a 
stream of PCM data corresponding to the L channel 
analog audio signal and a stream of PCM data corre- 
sponding to the R channel analog audio signal, 
first and second D/A (Digital- to-Analog) converter means eo 
(44, 45) for respectively converting the streams of 
PCM samples corresponding to the the L channel 
analog audio signal and R channel analog audio signal 
to the L and R channel analog audio signals 
respectively, 65 
second channel separator means (43) for separating and 
processing the second output data stream (SB) into a 
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stream of single bit sequence data corresponding to the 
L channel analog audio signal and a stream of single bit 
sequence data corresponding to the R channel analog 
audio signal, and 
first and second low-pass filters (46, 47) for respectively 
converting the streams of single bit sequence data 
corresponding to the L channel analog audio signal and 
R channel analog audio signal to the L channel and R 
channel analog audio signals. 
As described hereinafter referring to preferred 
embodiments, such a decoder apparatus can be configured to 
process the playback data from either of the two types of 
optical recording disk according to the present invention 
described above, i.e. utilizing either a 48 kHz or a 44.1 kHz 
sampling frequency for PCM data. Specifically, the decoder 
apparatus judges (based on the discrimination data contained 
in the ADI sections of reproduced audio packets) whether 
the optical recording disk has recorded thereon and data in 
both PCM and single bit stream form, and if so, the type of 
PCM data. The deformatting section of the decoder appa- 
ratus then separates the playback data into the two PCM data 
channels and the single bit stream data. The user can 
selectively specify audio signal reproduction using either the 
PCM data or the single bit stream data, by using a mode 
setting means. Irrespective of which mode is specified, the 
selected encoded data are converted into two data streams 
corresponding to the L and R analog audio signals. If the 
PCM playback mode has been selected, then these two data 
streams are supplied to respective A/D converters, while if 
the single bit stream data playback mode has been selected, 
the two data streams are supplied to respective low-pass 
filters, to obtain the desired L and R channel analog audio 
signals. 

If it is found from the discrimination data of the ADI 
sections that the PCM data have been recorded at the 44.1 
kHz sampling frequency, i.e. with padding bits inserted, then 
the deformatting means will ignore any string of "0" bits, i.e. 
such bits will not be treated as PCM audio data bits and so 
will have no effect. 

According to a fifth aspect, the invention provides an 
optical recording disk having recorded thereon successive 
portions of a stream of digitally encoded audio data, as 
respective audio data portions of successive audio packets, 
in a stream mode which is supplementary to existing stream 
modes having from 1 to 8 channels that are established for 
audio packets recorded in PCM form in accordance with a 
DVD standard, the supplementary stream mode comprising 
a cyclically recurring sequence of 10 sets of a fixed number 
of bits, where the fixed number is predetermined as either 16 
or 20, the sets respectively corresponding to 10 data 
channels, 

wherein first and second ones of the 10 data channels 
respectively convey, encoded as respective PCM data 
streams with the fixed number of bits per data sample, 
first (Lt) and second (Rt) combination channel signals 
which in combination convey three front channel (L, C, 
R) analog audio signals and one rear channel (R) 
analog audio signal, with the front channel and rear 
channel analog audio signals having been encoded to 
form the first (Lt) and second (Rt) combination channel 
signals by the Dolby Surround encoding method, 

wherein a remaining 8 of the data channels convey the 
three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit sequence data, and 

wherein each of the audio packets includes an ADI 
portion containing discrimination data specifying that 
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the audio data portion of the audio packet has been 
recorded in the supplementary stream mode and speci- 
fying that the first and second combination channel 
signals have been generated by the Dolby Surround 
encoding method. 5 
According to a sixth aspect, the invention provides an 
encoder apparatus for generating a recording signal for 
recording data in the supplementary stream mode on such an 
optical recording disk, with the encoder apparatus compris- 
ing: . io 
sigma-delta modulators for converting the three front 
channel (L, C, R) analog audio signals and one rear 
channel (R) analog audio signal to respective ones of 4 
streams of single bit sequence data, 
encoding means for encoding the streams of single bit 
sequence data to form the first and second combination 
channel signals (Lt, Rt) as respective streams of single 
bit sequence data, by the Dolby Surround encoding 
method, 

first and second data converter means for converting the 
first and second combination channel signals (Lt, Rt) to 20 
respective first and second PCM data streams at the 
sampling frequency of 48 kHz and with the fixed 
number of bits per data sample, 

bandwidth compression means for applying bandwidth ^ 
compression by a factor of ¥i to each of the 4 streams 
of single bit sequence data, and 

formatting means for generating each of the audio data 
portions of respective audio packets by assigning 
respective bits of the first and second PCM data streams 3Q 
to the first and second data channels and assigning 
respective bits of the 4 streams of single bit sequence 
data to the remaining 8 data channels, for generating 
the ADI portion of the audio packet, containing the 
discrimination data, and for attaching the ADI portion 35 
to the audio data portion. 

According to a sixth aspect, the invention provides an 
encoder apparatus for operating on a playback data stream 
read from such an optical recording disk, with the encoder 
apparatus comprising: m 

mode setting means for selectively setting a PCM decod- 
ing mode and a single bit sequence decoding mode, 

discrimination means for detecting the discrimination 
data of the ADI portions of the playback data stream, 
for thereby judging whether the optical recording disk 45 
has audio data recorded thereon in the supplementary 
stream mode and whether the audio data include the 
Dolby Surround encoded data, 

deform at ting means functioning, when the discrimination 
means has determined that the optical recording disk 50 
has audio data recorded thereon in the supplementary 
stream mode and that the recorded data include the 
Dolby Surround encoded data, to separate the PCM 
data conveyed by the first and second data channels and 
the single bit sequence data conveyed by the remaining 55 
8 data channels of the playback data stream into a first 
output data stream (SA) and second data stream (SB) 
respectively, and for producing only the first output 
data stream (SA) when the PCM decoding mode has 
been set and producing only the second output data en 
stream (SB) when the single bit sequence decoding 
mode has been set, 

first channel separator means for separating and process- 
ing the first output data stream (SA) to obtain the first 
combination channel signal (Lt) and second combina- 65 
tion channel signal (Rt) as respective PCM data 
streams, 



decoding means for decoding the first and second com- 
bination channel signals to obtain four PCM data 
streams respectively corresponding to the four channel 
(L, C, R, S) analog audio signals, 

digital-to-anaiog converter means for converting the four 
PCM data streams to the four channel (L, C, R, S) 
analog audio channel signals respectively, 

second channel separator means for separating and pro- 
cessing the second output data stream into four streams 
of single bit sequence data respectively corresponding 
to the four channel (L, C, R, S) analog audio signals, 
and 

low-pass filter means for converting the four streams of 
single bit sequence data to the four-channel (L, C, R, S) 
analog audio signals. 

According to a seventh aspect, the invention provides an 
optical recording disk having recorded thereon successive 
portions of a stream of digitally encoded audio data, as 
respective audio data portions of successive audio packets, 
in a stream mode which is supplementary to existing stream 
modes having from 1 to 8 channels that are established for 
audio packets recorded in PCM form in accordance with a 
DVD standard, the supplementary stream mode comprising 
a cyclically recurring sequence of 10 sets of a fixed number 
of bits, where the fixed number is predetermined as either 16 
or 20, the sets respectively corresponding to 10 data 
channels, 

wherein first and second ones of the 10 data channels 
convey, encoded as PCM data with the fixed number of 
bits per sample, a stream of combination audio data 
derived by encoding N-channel analog audio signals 
using a predetermined audio channel encoding method, 
where N is a fixed plural integer, 

wherein a remaining 8 of the data channels convey the 
combination audio data, encoded by sigma-delta modu- 
lation as respective streams of single bit sequence data, 
and 

wherein each of the audio packets includes an ADI 
portion containing discrimination data specifying that 
the audio data portion of the audio packet has been 
recorded in the supplementary stream mode and speci- 
fying that the packet conveys combination audio data 
which have been generated by the predetermined audio 
channel encoding method. 
According to an eighth aspect, the invention provides an 
encoder apparatus for generating a recording signal for 
recording data in the supplementary stream mode on such an 
optical recording disk, with the encoder apparatus compris- 
ing: 

sigma-delta modulators for converting the N-channel ana- 
log audio signals to respective streams of single bit 
sequence data, 

encoding means for encoding the streams of single bit 
sequence data to form the combination audio data, by 
the predetermined audio channel encoding method, 

data converter means for converting the combination 
audio data stream to a PCM data stream at the sampling 
frequency of 48 kHz and with the fixed number of bits 
per data sample, 

bandwidth compression means for applying bandwidth 
compression by a factor of 2/N to each of the streams 
of single bit sequence data, and 

formatting means for generating each of the audio data 
portions of respective audio packets by assigning 
respective bits of the PCM data stream to the first and 
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second data channels and assigning respective bits of the program of the system controller of an existing DVD 

the each of the streams of single bit sequence data to the decoder apparatus such that the system will recognize when 

remaining 8 data channels, for generating the ADI a stream mode in accordance with Table 3 is indicated by the 

portion of the audio packet, containing the discrimina- discrimination data in the ADI sections of data packets, and 

tion data, and for attaching the ADI portion to the audio 5 will then extract and decode the PCM audio data from 

data portion. successive audio packets of the playback data obtained from 

According to a ninth aspect, the invention provides a such an optical recording disk, 

decoder apparatus for operating on a playback data stream Similarly, it will be clear that existing audio reproduction 

read from such an optical recording disk, with the decoder for use with CDs could readily be modified to handle optical 

apparatus comprising io recording disks according to the present invention having 

mode setting means for selectively setting a PCM decod- audio signals recorded with a PCM sampling frequency of 

ing mode and a single bit sequence decoding mode, 44.1 kHz. 

discrimination means for detecting the discrimination 7*™%^ 8 ° f <Ttical recording disk provides a 

data of the ADI portions of the playback data stream, substantial degree of compatibih y with existing DVD and 

for thereby judging whether the optical recording disk * CD reproduction equipment while enabling future types of 

has audio data recorded thereon m the supplementary DVD apparatus to provide the very high fidehty of audio 

stream mode and whether the audio data include com- reproduction Oiat * possible with the smgle bit stream data 

bination audio data encoded by the predetermined encoding method. 

audio channel encoding method, BRIEF DESCRIPTION OF THE DRAWINGS 

.... 20 

deformatting means functioning, when the discrimination F[G j ^ a c j rcu j t block diagram of a first embodiment of 

means has determined that the optical recording disk an enco der apparatus for generating a recording signal for an 

has audio data recorded thereon in the supplementary audio opt ical recording disk according to the present inven- 

stream mode and that the recorded data include the ^ on . 

combination audio data encoded by the predetermined ^ F j G 2 £ iusiT!lics & c marme r of allocating PCM data and 

audio channel encoding method, to separate the PCM s[n ^ & bk stream data tQ respect ive channels of a data stream 

data conveyed by the first and second data channels and which fe conveyed by audio packets, and the manner of 

the single bit sequence data conveyed by the remaining padding bits into PCM data which have been 

8 data channels of the playback data stream into a first recorded at a sampling frequency of 44.1 KHz.; 

output data stream and second data stream respectively, 3o p[G 3 . g & m h ^ ^ Qf & rjVD playback 

and for producing only the first output data stream m wbfch inc ates m embodiment of a decoder 

when the PCM decoding mode has been set and pro- * ^ ^ {q ^ q { ^ 

ducing only the ^ fV^^^^n thc FIG. 4 is a flow chart of processing whereby either a PCM 

single bit sequence decoding mode has been set, ^ or & ^ ^ ^ ^ fa 

decoding means for operating on the first output data 35 selected for ^ decoder atus embodiment of FIG. 3; 

stream to obtain N streams of PCM audio data respec 5 is a flow chart of respective operating sequences 

tively corresponding to the N-channel analog audio ^ ^ for decodmg pla y back daU &om m 

signals. audio optical recording disk according to the present 

N-channel analog-to -digital converter means for convert- mvent j 0I1> ^ accordance with the playback mode which is 

ing the N channels of PCM audio data to the N-channel 40 sekcted by the processing of FIG. 4; 

analog audio signals, * F[G 6 fc a drcuit block diagram of a second embodiment 

channel separator means for separating and processing the of ^ encoder apparatus according to the present invention, 

second output data stream into N streams of single bit for use ^ me Do iby Surround multi-channel audio sys- 

sequence data respectively corresponding to the tem< 

N-channel analog audio signals, and 45 F ' [G ? fe a ^^0^ block diagram of a Dolby Surround 

N low-pass filters for respectively converting the N encoder for use in the encoder apparatus embodiment of 

streams of single bit sequence data to the N-channel g. 

analog audio signals. FIG.' 8 is a circuit block diagram of a second embodiment 

The audio channel encoding method used with such an q£ a dccodcf atus accord in g to the present invention, 

optical recording disk may be in accordance with the Dolby 50 for ^ ^ the Dol(j Sumnmd mu ia-channel iii audio 

AC-3 multi-channel audio system. Alternatively, it may be sys tenr 

in accordance with the DTS (Digital Theater System) muM- FIG.' 9 is a functional block diagram of a Dolby Surround 

channel audio system or the SDDS (Sony Dynamic Digital for ^ fa ^ decoder * lvs embodilnent of 

Sound) multi-channel audio system. ^ 

It can thus be understood that by using the proposed 55 ' ' . . e , u . A 4 

stream modes of FIG. 3 for optical recording disks according ™- « » a circuit block * a P m tod ^bodiment 

to the present invention, it becomes possible to record f encoder apparatus adding to the present mvenUon, 

two-channel or multi-channel analog audio signals as PCM use ^ the Dolby-AC-3 multi-channe auoio ^ system; 

data on two of the 10 data channels of such a stream mode FIG. 11 is a functional block diagram of a Dolby-AC-3 

and to also record these analog audio signals as single bit 60 encoder for use in the encoder apparatus embodiment of 

stream data on the remaining 8 data channels. Since the 10; 

stream modes of FIG. 3 are closely based on the existing FIG. 12 is a circuit block diagram of a third embodiment 

stream modes for DVDs, shown in Table 1, it will be of a decoder apparatus according to the present invention, 

apparent that such optical recording disks are basically for use with the Dolby-AC-3 system; 

compatible with existing types of DVD playback apparatus. 65 FIG. 13 is a functional block diagram of a Dolby-AC-3 

Compatibility can be achieved in the case of recorded L and decoder for use in the decoder apparatus embodiment of 

R-channel audio signals, for example, by slightly modifying FIG. 12; 
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FIG. 14 is a functional block diagram of an embodiment 
of a DTS encoder for use with the DTS multi-channel audio 
system, in a DTS encoder apparatus which is a modification 
of that shown in FIG. 10; 

FIG. 15 is a functional block diagram of a DTS decoder, 
for use in a DTS decoder apparatus which is a modification 
of that shown in FIG. 12; 

FIG. 16 is a circuit block diagram of a fourth embodiment 
of an encoder apparatus according to the present invention, 
for use with the SDDS multi-channel audio system; 

FIG. 17 is a functional block diagram of a SDDS encoder 
for use in the encoder apparatus embodiment of FIG. 16; 

FIG. 18 is a circuit block diagram of a fourth embodiment 
of a decoder apparatus according to the present invention, 
for use with the SDDS system; 

FIG. 19 is a functional block diagram of a SDDS decoder 
for use in the decoder apparatus embodiment of FIG. 18; 

FIG. 20 is a diagram illustrating the basic configuration of 
a data pack which is in accordance with the DVD standards; 

FIG. 21 is a diagram illustrating the configuration of a 
video pack which is in accordance with the DVD standards; 

FIG. 22 is a diagram illustrating the configuration of an 
audio pack which is in accordance with the DVD standards; 

FIG. 23 illustrates the respective configurations of a DSI 
pack and a VBI pack, which are in accordance with the DVD 
standards; 

FIGS. 24A, 24B, 24C are respective block system dia- 
grams of examples of prior art systems for digital encoding 
of audio signals for recording/playback processing, while 
FIG. 24D is a corresponding diagram for illustrating the 
single bit stream encoding technique used with the present 
invention; 

FIG. 25 includes Table 1 showing 8 stream modes speci- 
fied for audio packets in PCM form by the originally 
established DVD standards; 

FIG. 26 includes Table 2 which shows the proposed new 
standards for 8 stream modes; and 

FIG. 27 shows Table 3 which proposes standards for a 
new stream mode, for 10-channel data transfer by DVD 
audio packets in accordance with the embodiments of the 
present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a system block diagram of a first embodiment of 
an encoder apparatus for recording L and R-channel analog 
audio signals as digital data on an optical recording disk 
according to the present invention. In FIG. 1, numerals 1 and 
2 denote respective LPFs (low-pass filters) and 3 and 4 
denote respective analog sigma-delta modulators, each 
formed of an adder, an analog integrator, a 1-bit quantizer, 
and a 1 -clock period delay unit. Numerals 5 and 6 denote 
respective data converters for converting single bit stream 
data to PCM data. A formatting section 7 generates succes- 
sive formatted audio packets, each basically being of the 
form shown in FIG. 22, but with both PCM data and single 
bit stream data being recorded in the audio data portion of 
each packet, i.e. data of the four input data streams which are 
supplied to the formatting section 7 from the data converters 
5, 6 and the sigma-delta modulators 3, 4. A modulator 8 
serves to modulate a recording signal in accordance with 
DVD standards, to record the successive audio packets. 

In the following, for brevity of description, only the 
processing applied to the L-channel analog audio signal will 
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be described in detail, since identical processing is applied 
to the R-channel signal. Firstly, the input l^channel analog 
audio signal is supplied to the LPF 1 to be limited in 
bandwidth, and the resultant signal is supplied to the analog 

5 sigma-delta modulator 3. 1-bit quantization by sigma-delta 
modulation is applied to that analog audio signal by the 
analog sigma-delta modulator 3, to obtain a resultant 
encoded digital signal, i.e. a flow of single bit stream data 
denoted as B(L) in FIG. 1, at a bit rate of 3.072 Mbps. 

10 Although this is a digital signal, it retains the frequency 
spectrum of the analog audio signal supplied from the LPF 
1. 

The single bit stream data from the analog sigma-delta 
modulator 3 are input to the data converter 5, and are also 

15 supplied to one input of the formatting section 7. It will first 
be assumed that with this embodiment, the data converter 5 
converts the single bit stream data to PCM data at a PCM 
sampling frequency of 48 kHz, with 16 bits/sample. The 
resultant stream of PCM data, denoted as A(L) in FIG. 1, is 

20 applied to a second input of the formatting section 7. Thus 
the formatting section 7 receives a total of four input digital 
signals, Le. two single bit stream data signals each at a bit 
rate of 3.072 mpbs, respectively conveying the L and 
R-channel analog audio signals, and two PCM data signals 

25 which also respectively convey the L and R-channel analog 
audio signals, each having a sampling frequency of 48 kHz 
with 16 bits/sample. 

The operation of the formatting section 7 in that case is 
based on the first of the two stream modes shown in Table 

30 3, i.e. which specifies a PCM data sampling frequency of 48 
kHz, with 16 bits/sample. As described above, each of these 
stream modes provides 10 data channels, and the present 
invention proposes to add these stream modes to the stream 
modes which are currently specified by the DVD standards. 

35 For ease of description, the stream modes of Table 3 will be 
referred to in the following as the supplemental stream 
modes. With such a supplementary stream mode, two of the 
10 data channels (designated as chO and chl in FIG. 2) are 
assigned to the PCM data, e.g. with the PCM data being 

40 conveyed as successive 16 -bit samples by the first two data 
channels respectively (i.e. the PCM data are conveyed as 
successive sets of 32 bits, in respective audio p ackets), while 
the single bit stream data are conveyed by the remaining 8 
data channels (i.e. the single bit stream data are conveyed as 

45 successive sets of 128 bits, in respective audio packets). The 
manner of allocating the single bit stream data to these 8 data 
channels is illustrated in FIG. 2. As shown, successive sets 
of 16 consecutive bits of the single bit stream data, desig- 
nated as L0, LI, L2, etc. in the upper part of diagram (a) of 

50 FIG. 2, are assigned to respective ones of the 8 data 
channels, which are designated as ch2, ch3, . . . ch9 in the 
lower part of diagram (a) of FIG. 2. 

Hie rate of generating the PCM data which are supplied 
to the formatting section 7 is 1.536 Mbps, i.e. 2 (L and R 

55 audio channels)xl6 (bits/sample)x48 kHz (sampling 
frequency). The rate of generating the single bit stream data 
which are supplied to the formatting section 7 is 6.144 
Mbps, i.e. 2 (L and R audio channels)x3.072 Mbps. The 
ratio of these two bit generation rates, Le. 1.536:6.144 is 

60 exactly equal to the ratio 2:8. It can thus be understood that 
by assigning respective transmission channel capacities to 
the PCM data and the single bit stream data which are in the 
ratio 2:8 as shown in FIG. 2, the time-axis relationship 
between the pair of audio signals encoded as the PCM data 

65 and the signals encoded as the single bit stream data can be 
maintained constant, throughout a data transmission/ 
reception or recording/reproduction process. 
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Hie formatting section 7 forms the audio data portions of 
successive audio packets by assigning the PCM data and 
single bit stream data in the above manner, i.e. to thereby 
form each audio data portion as 2000 bytes, as specified in 
Table 3. In addition the formatting section 7, when gener- 5 
ating the ADI (Audio Data Information) portion of each 
audio packet, inserts specific data into the ADI for indicating 
that the audio packet (and hence the optical recording disk) 
contains audio data encoded in accordance with a supple- 
mentary stream mode, Le. one of the two stream modes 10 
shown in Table 3. The optical recording disk can thereby be 
distinguished from a standard type of DVD, by a decoding 
apparatus when the optical recording disk is played. Such 
specific data for indicating use of a supplementary stream 
mode will be referred to in the following as the discrimi- 15 
nation data. 

A suitable internal configuration of the formatting section 
7 can be easily envisaged by a skilled individual, since 
methods of executing the basic operations required (i.e. 
time-axis compression applied to the respective input data 20 
streams, by appropriate memory read/write operations, and 
selective combining of the compressed data by multiplexing, 
in accordance with the data channel arrangement shown in 
FIG. 2, to form respective audio data portions of successive 
audio packets) are well known. For that reason, detailed 25 
description will be omitted. 

The audio packets thus generated successively by the 
formatting section 7, after attachment of pack headers to 
form respective data packs, are supplied to the modulator 8, 
which modulates a recording signal with these data packs, in 
accordance with DVD standards, and the data are then 
recorded on an optical recording disk. 

It can thus be understood from the above that with an 
optical recording disk according to the present invention, 35 
audio data are recorded as a sequence of audio packets, with 
the encoded data arranged within each audio packet in the 
manner shown in the lower part of diagram (a) of FIG. 2. 
The information contents conveyed by the encoded data, e.g. 
a musical item, are thereby encoded in two basically differ- ^ 
ent ways, i.e. as PCM data and as single bit stream data. 

In the above, it has been assumed that the first of the 
supplementary stream modes shown in Table 3 is utilized, 
i.e. having 10 data channels, and with the PCM data having 
a sampling frequency of 48 kHz and 16 bits per sample. 45 
However it would be equally possible to use the second 
stream mode of Table 3, i.e. having 10 data channels, a PCM 
sampling frequency of 48 kHz, but 20 bps. In that case, each 
of the analog sigma-delta modulators 3 and 4 will be 
configured to execute quantization at a rate of 3.840 Mbps, 50 
while each of the data converters 5 and 6 will be configured 
to convert the corresponding flow of single bit stream data 
to PCM data having a sampling frequency of 48 kHz and 20 
bits per sample. The operation would then be substantially 
the same as that described above for the case of 16 bits per 55 
sample, however in FIG. 2, each of the values indicated as 
16 bits would of course be changed to 20 bits, and each of 
the data channels chO to ch9 would convey sets of 20 bits 
rather than sets of 16 bits. 

With such an arrangement, the overall rate at which the 60 
PCM data are generated (by the data converters 5 and 6 
together) would be 1.920 Mbps, i.e. 2 (audio channels)x20 
(bits)x48 kHz, while the overall rate at which the single bit 
stream data are generated would be 7.680 Mbps, i.e. 2 (audio 
channels)x3.840 Mbps. Hence, the ratio of the respective 65 
rates of generation of the PCM data and single bit stream 
data will again be exactly equal to 2:8. Hence, in the same 
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way as described above for the case of 16 bps, satisfactory 
operation is ensured by allocating two of the 10 data 
channels of the supplementary stream mode to the PCM 
data, and allocating the remaining 8 data channels to the 
single bit stream data. 

A second embodiment of an encoder apparatus according 
to the present invention will now be described, for recording 
encoded audio data on an optical recording disk according to 
the present invention with the PCM data having a sampling 
frequency of 44.1 kHz rather than 48 kHz. The configuration 
and operation of this second embodiment are respectively 
substantially identical to those of the first encoder apparatus 
embodiment described above and shown in FIG. 1, so that 
this embodiment will be assumed to be implemented as a 
second mode of operation of the encoder apparatus shown in 
FIG. 1, Le. that the operation of each of the data converters 
5 and 6 and of the formatting section 7 can be modified by 
externally supplied selection command signals which des- 
ignate either a 48 kHz or a 44.1 kHz mode of operation. That 
is to say, the second mode of operation of the encoder 
apparatus is established by supplying such a selection com- 
mand signal to the data converters 5, 6 and the formatting 
section 7, designating the 44.1 kHz mode. Operation with a 
16 bits per sample PCM data will first be assumed. In that 
case, each of the delta-sigma modulators 3, 4 continues to 
generate single bit stream data at the 3.072 Mbps rate, in the 
same way as for the 48 kHz PCM sampling frequency. 
However each of the data converters 5 and 6 generates PCM 
data with a sampling frequency of 44.1 kHz. 

As noted above, when the PCM sampling frequency is 48 
kHz and each of the single bit stream data signals are 
generated at 3.072 Mbps, use of the data channel allocation 
arrangement shown in FIG. 2 makes it possible to exactly 
match the ratio of the rates at which the PCM data and single 
bit stream data are supplied to a formatting section (to be 
inserted into data channels) to the ratio of the respective 
channel data-transmission capacities assigned to them. 
However with a PCM sampling frequency of 44.1 kHz, this 
is no longer true, Le. the rate of generation of PCM data 
becomes reduced by a factor 44.1/48 by comparison with 
use of the 48 kHz sampling frequency. Assuming the 2000 
bytes of audio data are conveyed by each audio packet, as 
specified for the stream modes in Table 3, this amounts to a 
reduction of 32.5 bytes per audio packet, i.e. 2000 (bytes)x 
( 2 /io)x{l-(44.1/48)}. For that reason, it is necessary to insert 
32.5 padding bytes (i.e. 260 bits) into each audio packet. 
This is done as follows. Since the total number of PCM data 
bytes in each audio packet should be 400 (i.e. with the 
aforementioned ratio of 2:8 for the PCM data and single bit 
stream data), there will be 100 occurrences of the chO bits 
and chl bits in each audio packet, with each occurrence 
containing 4 bytes. Thus, compensation can be performed by 
maintaining the total number of PCM data bytes in each 
audio packet as 400, setting each of the final pair of bits of 
the 92-nd occurrence of the chO bits and the chl bits within 
the audio data portion of each audio packet to the "0" state, 
and setting all of the bits in the 93-rd and subsequent 
occurrences of the chO bits and chi bits to "0". Satisfactory 
operation will then be achieved, if it is ensured that a 
decoder apparatus will not recognize any string of "0" bits 
as constituting encoded audio data, when decoding an opti- 
cal recording disk according to the present invention having 
such 44.1 kHz sampling frequency PCM data recorded 
thereon. 

The insertion of padding bits as described above is 
illustrated conceptually in diagram (b) of FIG. 2. 

Various other arrangements for inserting such padding 
bits other than by using "0" state bits could be envisaged, so 
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long as it is made possible for a decoder apparatus to select data which are read out from the sub-picture buffer 19, and 

only the appropriate bytes of each of the chO and chl PCM 25 is a VBI decoder for decoding VBI data which are read 

data of each audio packet, when playing such a 44.1 kHz out from the VBI buffer. 26 denotes a letter box converter, 

encoded disk *° r converting decoded video data, and 27 is an adder, for 

. , . t • tU - < obtaining a video output signal by adding together the 

In addition, when the encoder apparatus operates in his * decoded % ideo dat s X pictu T e data, and VBI dtta. 

441 kHz sampling frequency mode, the formatting section ^ ^ ^ d for ^ ^ 

7 adds, to the discrimination data inserted m the ADI portion data which are ^ Qn{ from ^ audio buffer 21 ^ denotes 

of each audio packet, data indicating that the PCM data of ^ Q . section m . which a user of me playback 

the audio packet were generated with a sampling frequency ^ system ^ mput commandSj 31 denotes a 

of 44.1 kHz. section, 32 denotes a system controller which controls the 

The modulator 8 generates a recording signal modulated overall operation of the system, 33 to 35 are respective 

with the stream of audio packets produced from the format- parameter registers which hold various parameters that are 

ting section 7 (more precisely, with data packs respectively used by ^ sys tcm controller 32, and 36 denotes the system 

containing these audio packets), in accordance with the ^ timer. 

DVD standards, in the same way as described previously. 15 In the ^ of p i ay i ng a conventional type of DVD disk 

It can thus be understood that the present invention further (i, e . as detected by the system controller 32, based on the 

makes it possible to provide optical recording disks which contents of the header portions of the data packs constituting 

can be played on a DVD playing apparatus, to provide audio the playback signal), having both video and audio data 

PCM data that can be directly supplied to existing audio ^ recorded thereon, the playback system of FIG. 3 recovers 

reproduction equipment which is designed for use with and outputs a video playback signal and two channels (R, L) 

conventional CDs. of audio playback signals, from the playback signal that is 

In the above description of operation of the encoder read from the optical recording disk 10. Since that type of 

apparatus of FIG. 1 in the 44.1 kHz sampling frequency playback operation is known in the art, further description 

mode, it has been assumed that the first of the supplementary 25 will De omitted. In that case, a command sent from the 

stream modes shown in FIG. 3 is used, Lc. with 10 data system controller 32 causes the audio decoder 29 to function 

channels, 48 kHz PCM sampling frequency, and 16 bits per in an operating mode whereby it decodes the audio PCM 

sample. However it would be equally possible to configure data (extracted from DVD data packs) which are supplied 

the encoder apparatus to utilize the second stream mode of from the audio buffer 21, to thereby obtain two L and R 

FIG. 3, i.e. with 20 bits per sample, and to operate in either 30 analog audio signals as the output signals from the audio 

a 48 kHz or a 44.1 kHz sampling frequency mode, in the decoder 29. 

same way as has been described for 16 bits per sample The audio decoder 29 is however configured to be also 

operation. In that case it is only necessary to ensure, for capable of recovering the aforementioned PCM data and 

operation in the 44.1 kHz sampling frequency mode, that an single bit stream data of an audio optical recording disk 

appropriate number of padding bits are recorded in each 35 according to the present invention, and it will be assumed 

audio packet, to compensate for the (44.1/48) reduction that the system controller 32 of the playback system of FIG, 

factor in the rate of generation of PCM data by comparison 3 is programmed to detect (i.e. from the aforementioned 

with the 48 kHz sampling frequency mode. discrimination data of the ADI sections of the audio packets, 

An embodiment of a decoder apparatus for optical record- contained in data supplied from the DSI buffer 22) when the 

ing disks according to the present invention will be 40 optical recording disk 10 is an audio optical recording disk 

described in the following. It will be assumed that the according to the present invention. In that case, the system 

decoder apparatus is incorporated into a DVD playback controller 32 supplies a command to a deformatting section 

system, as shown in the system block diagram of FIG. 3, i.e. section 41 of the audio decoder 29 whereby the operation 

to provide a playback system which is capable of playing described in the following is executed. Typically, the opera- 

both conventional DVDs (having data packs recorded in 45 tion of the deformatting section 41 will be determined by a 

accordance with a stream mode of Table 1 or Table 2) and control program of a local CPU, and commands sent from 

audio optical recording disks according to the present inven- the system controller 32 to the deformatting section 41 will 

tion. However only the functions concerned with playing an specify use of respectively different control programs by the 

audio optical recording disk according to the present inven- deformatting section 41, in accordance with different modes 

tion will be described in detail the following. In FIG. 3, 11 50 of operation of the audio decoder 29. 

denotes a readout section, which reads data which are The audio decoder 29 includes the above-mentioned 

recorded on a audio optical recording disk 10, as a playback deformatting section 41, which receives encoded audio data 

signal. 12 denotes a drive control circuit, for controlling the supplied thereto from the audio buffer 21, i.e. data which 

readout section 11, 13 denotes a demodulator and error have been extracted from the audio data portions of succes- 

correction circuit, 14 denotes a track buffer for temporarily 55 sive audio packets of the playback signal, and set into the. 

storing track data read from the disk 10, 15 is a write control audio buffer 21. The deformatting section 41 analyzes the 

circuit for controlling write-in of data to the track buffer 14, audio data, to separate this into two output data streams 

17 is a system buffer for temporarily storing various types of designated as SA and SB in FIG. 3, respectively consisting 

control data which are contained in the data stream read out of the PCM data and the single bit stream data conveyed by 

by the readout section 11, 18 denotes a VBV buffer, 19 60 the audio packets. Only one of these streams of data SA or 

denotes a sub-picture buffer, 20 denotes a VBI buffer, 21 SB is selected to be produced from the deformatting section 

denotes an audio buffer, and 22 denotes a DSI buffer. 23 41, with that selection being determined by the user as 

denotes a multiplexer, for distributing to the respective described hereinafter. The audio decoder 2 9 further includes 

buffers 18 to 22, data which are read out from the track a channel separator 42 which receives the PCM data stream 

buffer 14 via the read control circuit 16. 23 denotes a video 65 SA, and separates this into a stream of PCM data corre- 

decoder, for decoding video data read out from the VBV sponding to the L-channel audio signal, which is supplied to 

buffer, 24 is a sub -picture decoder for decoding sub-picture a D/A converter 44, and a stream of PCM data correspond- 
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ing 'to the R-channel audio signal, which is supplied to a If the discrimination data contents indicate that the 48 

D/A converter 45. Decoded L-channel and R-channel analog kHz sampling frequency has been used when recording the 

audio signals are thereby produced by the D/A converters 44 PCM data, i.e. the deformatting section 41 is to operate in a 

and 45 respectively. 48 kHz format analysis mode, then steps S14 to S17 are 

The data stream SB is supplied to a channel separator 43, 5 executed. In step S14 a decision is made as to whether the 

which separates this into a stream of single bit stream data user has specified the PCM playback mode, for audio data 

corresponding to the L-channel audio signal, which is sup- reproduction. If so, step S15, S16 are executed to perform 

plied to a lpf 46, and a stream of single bit stream data format analysis in the 48 kHz mode, extract the contents of 

corresponding to the R-channel audio signal, which is sup- omV ^ c cb q ^ cn i data channels in each audio packet, and 

plied to a lpf 47. Decoded L-channel and R-channel analog 1Q QU{pui as me SA data stream from ^ c deformatting 

audio signals, having a substantially improved fidelity of secdon 41 ~ ^ ckher 16 bUs pcf or 20 bits per 

reproduction by comparison with the analog audio signals j depending upon the stream mode which has been 

reproduced from PCM data as > described hereinabove, are foundfrom thepacketADI).TlicPCM data are then decoded 

thereby produced by the lpfs 46 47 respectively. ^ ^ L . channel md R . channcl data 

I ^ U b f . aP f "T? " streams, each at the 48 kHz sampling frequency, by the 

embodiment of FIG 3 t a user of the apparatus must select chaflncl ^ m& b ^ D/A convcrters 

beforehand, by inputting a ^mmandto ^^^se^ * R-channel analog audio signals 

30, the type of digital data from which analog audio signals ' » u * A ~ 

will be derived when an audio optical recording disk accord- « described above. Specifically, Uk channel separator 42 

ing to the present invention is to be played, i.e. the user must elects the chO data channel contents of each audio packet to 

specify whether the R and L-channel analog audio signals 20 constitute the stream of PCM data (at a sampling frequency 

are to be derived from the single bit stream data or from the of 48 kHz, with 16 bits per sample) which are supplied to the 

PCM data. The system controller 32 then sends a corre- L-channel D/A converter 44, and selects the chl data chan- 

sponding command to the deformatting section 41, sped- nel contents of each audio packet to constitute the PCM data 

fying whether the PCM data SAor the single bit stream data which are supplied to the R-channel D/A converter 45. 

SB are to be output from the deformatting section 41, ie. 25 If on the other hand it is found in step S13 that the 

specifying either a PCM playback mode or a single discrimination data in the packet ADI indicates that the 44.1 

bit'stream playback mode of operation for the audio decoder kHz sampling frequency has been used when recording the 

29. PCM data, i.e. the deformatting section 41 is to operate in a 

The operation sequence for determining such a playback 44.1 kHz format analysis mode, and that the user has 

mode for the audio decoder 29 is shown in the flow diagram 30 specified the PCM playback mode be used for audio data 

of FIG. 4. In that flow diagram, in step SI, the system reproduction, then steps S18 to S21 are executed. In that 

controller judges whether the user has specified the PCM case> me operation is similar to that described for steps S14 

playback mode, and if so, as shown in step S2, the system to 5^7^ DUt y^tt the aforementioned "O" state padding bits 

controller 32 sets an operating program for the deformatting m each aud i 0 pac k e t being absent from the deformatted 

section 41 whereby the PCM playback mode is established, 35 PCM data tnat m obtained, as described above, 

and causes the display section 31 go produce a visible If it is found in either ofstepsS14 or S18 that the user has 

indication that the PCM playback mode is established. selected the single bit stream playback mode to be used for 

Alternatively, if the single bit stream playback mode has audio data reproduction, then steps S22 to S24 are executed, 

been specified, then steps S3, S4 are executed, to establish m mat case> me operation is independent of the discrimina- 

and indicate the single bit stream playback mode. 40 ^on data of the pack ADI. In step S22, the deformatting 

The basic operation of the encoder apparatus will be section 41 is set to operate in a single bit stream format 

described referring to the operation sequence shown in the analysis mode, by a command from the system controller 32, 

flow diagram of FIG. 5. Firstly, when a "disk play" com- and thereafter selects only the contents of the ch2 to ch9 data 

mand is input from the operating section 30, reading of data channels in each audio packet, and outputs these as the SB 

from the disk 10 is started, the system controller 32 receives 45 fl 0 w of single bit stream data, which is then separated into 

resultant pack header data from the DSI buffer 22, and two streams of Land R-channel single bit stream data by the 

thereby judges whether each pack contains audio data (step channel separator 43, which are supplied to the Ipfs 46, 47 

Sll). If so, step S12 is executed to judge whether the ADI to obtain the L and R-channel analog audio signals (steps 

section of the audio packets contain the aforementioned S23, 24). Specifically, referring to FIG. 2, the channel 

discrimination data, which indicate that the disk 10 is an 50 separator 43 selects the contents of the ch2 to ch5 data 

audio optical recording disk according to the present inven- channels of each audio packet to constitute the single bit 

tion. If no discrimination data is found, then this signifies stream data (at a bit rate of 3.072 MHz) which are supplied 

that the disk 10 is a conventional DVD disk (i.e. whose to the L-channel lpf 446, and selects the contents of the ch6 

contents include PCM -encoded audio data), or a disk which to ch9 data channels of each audio packet to constitue the 

cannot be played by this playback system, in which case 55 fl ow 0 f single bit stream data that are supplied to the 

respectively appropriate processing is performed (e.g. halt- R-channel lpf 47. 

ing of the playing operation, and displaying a message to the it can thus be understood that with this embodiment of a 

user, by the display section 31). However if the discrimina- decoder apparatus according to the present invention, a user 

tion data are detected, then step S13 is executed, in which ca n select a playback mode for an audio optical recording 

the contents of the discrimination data are judged to deter- go d jsk according to the present invention such that either the 

mine: PCM data or the single bit stream data are decoded to obtain 

(a) whether the recorded PCM data were generated using the output analog audio signals. 

the aforementioned 48 kHz sampling frequency mode, The decoder apparatus of FIG. 3 has been assumed to be 

or the 44.1 kHz sampling frequency mode, and incorporated within a DVD playback apparatus which has 

(b) whether the audio data were recorded using the first or 65 been configured to be capable of decoding audio signals 
the second of the supplementary stream modes shown which are encoded as PCM data and and also signals which 
in Table 3. are encoded as single bit stream data. However it will be 
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apparent from the above description that it would be equally 
possible to play an audio optical recording disk according to 
the present invention by using a DVD playback apparatus 
which is capable only of decoding audio signals which are 
encoded as PCM data, since such a audio optical recording 
disk has audio signals recorded both as PCM data and as 
single bit stream data. That is to say, an existing type of 
DVD playback apparatus could easily be made capable of 
playing such audio optical recording disks, by making a 
simple modification to the operation of the system 
controller, such that the controller is programed to recognize 
the aforementioned discrimination data of the pack ADI. 
Similarly, it would be possible to play an audio optical 
recording disk according to the present invention on a 
playback apparatus which is capable only of decoding single 
bit stream data. 

An audio optical recording disk according to the present 
invention is capable not only of recording L and R-channel 
(i.e. stereophonic) audio signals, but also of recording vari- 
ous other types of multi-channel audio systems. In each 
case, the multi-channel audio signals are recorded both as 
PCM data and also as single bit stream data, using one of the 
stream modes shown in Table 3, i.e. with 10 data channels, 
a PCM sampling frequency of 48 kHz, and 16 or 20 bits per 
sample. Designating the number of channels of such multi- 
channel audio signals as N, the N audio channels are first 
encoded by using a technique which is specific to that 
multi-channel audio system, to obtain a single combined 
audio channel, or a pair of combined audio channels. Each 
combined audio channel is then encoded as PCM data, 
which are recorded in the first two data channels (chO, chl) 
of each audio packet, in the same way as described for the 
L and R-channel audio signals of the previous embodiments. 
In addition, the N audio channels are encoded into respective 
flows of single bit stream data at a bit rate of 3.072 or 3.840 
Mbps (in accordance with whether the PCM bits per sample 
is 16 or 20) by sigma-delta modulation, the single bit stream 
data are subjected to bandwidth compression by a factor 
(2/N), and are then recorded in the remaining 8 data chan- 
nels (ch2 to ch9) of the aforementioned 10 data channels of 
each audio packet. In addition, the discrimination data 
(which is added to the ADI portion of each audio packet as 
described hereinabove for the case of 2-channel audio signal 
recording) has inserted therein information which specifies 
the type of N-channel multi-channel audio system of the 
recorded data, in addition to the information which specifies 
the stream mode by which the audio data have been for- 
matted. 

With such an audio optical recording disk, since the ratio 
of the data channel capacities assigned to the PCM data and 
single bit stream data is again 2:8, and the ratio of the 
respective rates of generating the PCM data and single bit 
stream data is 1.536 Mbps:6.144 Mbps, or 1.920 
Mbps: 7. 680 Mbps, the correct time-axis relationship can be 
established between the PCM data and single bit stream data 
which are conveyed by a stream of audio packets. 

In the following, application of the audio optical record- 
ing disk of the present invention to four representative types 
of multi-channel audio systems will be described, i.e. the 
Dolby Surround system, the Dolby-AC-3 system, the DTS 
system, and the SDDS system. However it will be apparent 
from the description that the invention is not limited to these 
four systems. In addition, respective embodiments of 
encoder apparatus and decoder apparatus according to the 
present invention for use with these four multi -channel 
audio system will be described, and these will make clear the 
data structure in which encoded audio data are recorded 
upon the corresponding audio optical recording disk. 
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"Dolby Surround" is a trade name of Dolby Laboratories 
Inc., U.S.A. 

(1) Dolby Surround System 
With the Dolby Surround multi-channel audio system, 3 
5 front channels of analog audio signals (designated respec- 
tively as the L, C and R channels) and a single rear analog 
audio signal channel (designated as the S channel) are used, 
i.e. a total of 4 audio signal channels. FIG. 6 is a system 
block diagram of an embodiment of an encoder apparatus 
according to the present invention which is suitable for 
10 application to the the Dolby Surround system. The configu- 
ration and operation of this encoder apparatus are basically 
similar to those of the first encoder apparatus embodiment 
described above, shown in FIG. 1, so that only the points of 
difference from that of FIG. 1 will be described, as follows: 
15 (a) Since there are 4 analog audio signals channels, a 
corresponding set of four LPFs 51 is provided, with the 
output signals from the LPFs being input to respective 
ones of a set of 4 sigma-delta modulators 52. 
(b) The respective single bit stream data signals from the 
20 four sigma-delta modulators 52 are supplied to a Dolby 
Surround encoder 53, which encodes these by using the 
Dolby Surround encoding method, to obtain two 
streams of combined data which will be referred to as 
the Lt and Rt channels in the following. 
25 (c) Before being supplied to the formatting section 58, 
each of the single bit stream data signals from the 
sigma-delta modulators 52 (at a bit rate of 3.072 Mbps) 
is subjected to bandwidth compression by a compres- 
sion factor of V£, by a digital filter within a filter circuit 
30 57. 

(d) The formatting section 58 allocates the Lt and Rt data 
streams to the chO and chl data channels respectively 
of the stream of audio packets which are generated by 
the formatting section 58, and allocates the four com- 

35 pressed single bit stream data streams to the remaining 
8 data channels (i.e. with each stream of single bit 
stream data being allocated to a corresponding pair of 
these 8 data channels). In addition the formatting 
section 58 adds, to the ADI portion of each audio 

40 packet, discrimination data which specifies that the 
audio data have been formatted using a supplementary 
stream mode (i.e. specifies one of the two stream modes 
shown in Table 3), and also specifies that the recorded 
data consist of encoded multi-channel audio signals 

45 which are in accordance with the Dolby Surround 
system. 

FIG. 7 is a system block diagram of a suitable configu- 
ration for the Dolby Surround encoder 53 of FIG. 6. With 
this configuration, the multi-channel audio signal encoding 

so processing which is usually executed by means of analog 
signal processing is performed by digital signal processing. 
Specifically, the C channel digital signal is attenuated by a 
a 3 dB attenuator, and the attenuated data are synchronously 
mixed with the L and R channel digital signals. The S 

55 channel digital signal is input to a processing circuit 65, in 
which it is attenuated by 3 dB, bandwidth-limited to the 
range 100 Hz to 7 kHz, then transferred through a Dolby 
type B noise reduction encoder, with the resultant processed 
digital signal being phase -advanced by 90° and mixed with 

60 the result of mixing the L channel and attenutated C channel 
digital signals, to thereby obtain the Lt channel output digital 
signal, and with the processed digital signal also being 
phase-retarded by 90° and mixed with the result of mixing 
the R channel and attenutated C channel digital signals, to 

65 thereby obtain the Rt channel output digital signal. 

Data allocation is performed by the formatting section 58 
such that the PCM data (with a bit rate of 1.536 Mbps, i.e. 
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2 channelsxl6 bitsx48 kHz) is allocated to the first two 
channels (chO, chl) of the ten data channels, the single bit 
stream data after bandwidth compression by Vi (with a bit 
rate of 6.144 Mbps, i.e. 4 channelsx3.072 MbpsxVS) is 
allocated to the remaining 8 data channels (ch2 to ch9) of the 
10 data channels of the supplementary stream mode. Thus, 
in the same way as described for the first embodiment, the 
ratio (2:8) of the data channel capacities allocated to the 
PCM data and the single bit stream data is made identical to 
the ratio of the bit rates at which the PCM data and the single 
bit stream data are supplied to the formatting section 58, 
thereby ensuring that these data can be conveyed by a stream 
of audio packets which are generated by the formatting 
section 58. The configuration and operation of a decoder 
apparatus corresponding to the above encoder apparatus for 
the Dolby Surround system can be substantially identical to 
those of the first decoder apparatus embodiment shown in 
FIG. 3 and described above. The only differences lie in the 
internal configuration and operation of the audio decoder 29. 
FIG. 8 is a system block diagram of an embodiment of a 
modified audio decoder 29 which is suitable for an audio 
decoder apparatus that is capable of playing audio optical 
recording disks according to the present invention that have 
been recorded using the Dolby Surround system. In the 
modified audio decoder 29 of FIG. 8, the deformatting 
section 41 separates the encoded audio data of the stream of 
audio packets, supplied from the multiplexer 23, into respec- 
tive streams (SA, SB) of PCM data and single bit stream 
data, in the same way as described for the first embodiment, 
and supplies these to the channel separator 59 and to a 
channel separator 62, respectively. The channel separator 59 
separates the chO and chl PCM data into the aforementioned 
Lt and Rt data streams, which are supplied to a Dolby 
Surround decoder 60. The Dolby Surround decoder 60 
performs processing which is the inverse of that performed 
by the Dolby Surround encoder 53 of FIG. 6, to separate the 
Lt, Rt channels into four channels of PCM data, respectively 
corresponding to the L> R, C and S audio channels. These 
PCM data channels are supplied to respective ones of four 
D/A converters 61, to thereby recover the L, R, C and 40 
S-channel analog audio signals from the PCM data. 

The single bit stream data SA from the deformatting 
section 41 is separated into four streams of single bit stream 
data, respectively corresponding to the L, R, C and S audio 
channels. These are supplied to respective ones of four LPFs 
63, to thereby recover the L, R, C and S-channel analog 
audio signals from the single bit stream data. 

FIG. 9 is a functional block diagram for illustrating the 
operation of the Dolby Surround decoder 60 of FIG. 8. Here 
again digital, rather than analog, signal processing is uti- 
lized. In FIG. 8, the Lt and Rt channel digital signals are 
supplied to a set of four VCAs (Voltage Control Amplifiers) 
67, which respectively produce the four streams of PCM 
data corresponding to the L, R, C and S-channel audio 
signals. Specifically, the Lt and Rt digital signals are input 
directly to respective ones of a first two VCAs (to obtain 
input signals respectively corresponding to the L and 
R-channel audio signals), are summed (to obtain an input 
signal corresponding to the C-channel audio signal) and the 
resultant digital signal supplied to a third one of the VCAs, 
and are mutually subtracted (to obtain an input signal 
corresponding to the S-channel audio signal), with the 
resultant digital signal being supplied to a fourth one of the 
VCAs, as shown. Each of the VCAs 67 performs variable 
attenutation within the range 0 to -30 dB, under the control 
of respective control signals supplied thereto from a control 
circuit 66. The control circuit 66 generates these control 
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signals by detecting the respective values of the Lt, Rt, 
(Lt+Rt) and (Lt-Rt) digital signals, to thereby control the 
VCAs 67 such as to compensate for the aforementioned type 
B noise-reduction encoding, and thereby obtain respective 
streams of PCM data corresponding to the L, R, S and 
S-channel analog audio signals. 

The Dolby Surround encoder apparatus and decoder appa- 
ratus have been described above for the case in which the 
first of the supplementary stream modes shown in Table 3 is 
utilized (10 data channels, 48 kHz sampling frequency, 16 
bits per sample). However it would be equally possible to 
use the other supplementary stream mode (Le. 10 data 
channels, 48 kHz sampling frequency, 20 bits per sample). 
In that case, each of the analog sigma-delta modulators 52 
would be configured to execute 1-bit quantization at a rate 
of 3.840 Mbps, and the data converter 54 configured to 
generate PCM data having 20 bits per sample, at the 48 kHz 
sampling frequency. Use of these values will ensure that 
identical results would be obtained to those obtained for 
using the first supplementary stream mode of Table 3. 

In addition, the encoder apparatus and decoder apparatus 
of the Dolby Surround system described above can be 
utilized with the second type of audio optical recording disks 
according to the present invention, i.e. having PCM data 
which was generated at a sampling frequency of 44.1 kHz. , 
As indicated in FIG. 6, each of the data converters 54, 56 and 
the formatting section 58 is controlled by a selection com- 
mand input from the system controller 32. When that 
command designates the 44.1 kHz mode of operation, then 
the PCM data are generated at a sampling frequency of 44.1 
kHz by the data converters 54, 56, and the requisite number 
of padding bits is inserted into each audio packet by the 
formatting section 58 to compensate for the (44.1/48) reduc- 
tion in the rate of generating PCM data, in the same manner 
as described for the preceding encoder apparatus embodi- 
ment. 

(2) Dolby-AC-3 System 

The Dolby-AC-3 system uses six audio channels, i.e. 
three front channels (the L, C and R channels), a bass 
compensation channel (SW), and two rear channels (LS, 
RS). FIG. 10 is a system block diagram of an encoder 
apparatus for applying the present invention to the Dolby- 
AC-3 system. This encoder apparatus differs from that of the 
first embodiment of FIG. 1 in the following respects: 

(a) Since there are six analog audio signal channels, a 
corresponding set of six LPFs 51 is provided to respec- 
tively receive these as input signals, with the L LPF 
output signals being supplied to respective ones of a set 
of analog sigma-delta modulators 52. 

(b) The respective single bit stream data outputs from the 
sigma-delta modulators 52 are each supplied to a 
Dolby-AC-3 encoder 68, to be combined into a single 
stream of encoded data by the Dolby-AC-3 encoding 
method. 

(c) Output single bit stream data are generated from each 
of the sigma-delta modulators 52 at a rate of 3.072 
Mbps, and are then subjected to bandwidth compres- 
sion by a factor of V-y in a 6-channel digital filter circuit 
70, and the resultant six single bit stream data signals 
are input to the formatting section 71. 

(d) The formatting section 71 allocates the encoded bit 
stream from the data converter 69 to the chO and chl 
data channels of the audio packets, and allocates the six 
streams of compressed single bit stream data, from the 
digital filter circuit 70, to the remaining 8 data chan- 
nels. In addition the formatting section 71 adds, to the 
ADI portion of each audio packet, discrimination data 
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which specifies that the audio data have been formatted 
using a supplementary stream mode (i.e. specifies the 
first of the two stream modes shown in Table 3), and 
also specifies that the recorded data consist of encoded 
multi-channel audio signals which are in accordance 5 
with the Dolby-AC-3 system. 
By comparison with the encoder apparatus embodiment 
used for the Dolby Surround system, shown in FIG. 6, the 
above encoder apparatus for the Dolby-AC-3 system differs 
in that a Dolby-AC-3 encoder 68 is utilized, in that the 10 
digital filter circuit 70 executes bandwidth compression by 
a factor of '/s, and in that the formatting section 71 inserts 
different information into the discrimination data of each 
ADI portion of the audio packets. In other respects, the 
configuration and operation are very similar to that of the 15 
Dolby Surround encoder apparatus of FIG. 6. 

The reason for applying a bandwidth compression factor 
of l A to the single bit stream data from the analog sigma- 
delta modulators 52 is as follows. Since the Dolby-AC-3 
system uses six audio channels, applying bandwidth com- 20 
pression by such a factor ensures that the ratio of the rate of 
generating encoded PCM data which are input to the for- 
matting section 71 to the rate at which the compressed single 
bit stream data are supplied to the formatting section 71 will 
become 2:8, i.e. a ratio which enables the single bit stream 25 
data and PCM data to be conveyed together by the stream of 
audio packets generated by the formatting section 71 as 
described hereinabove for the preceding embodiments. 

FIG. 11 is a functional block diagram of a suitable 
configuration for the Dolby-AC-3 encoder 68 of FIG. 10. 30 
The operation of this encoder is as follows. Each of the six 
single bit stream data signals from the analog sigma-delta 
modulators 52 is input to a corresponding one of a set of six 
filter banks 72. Each of the filter banks 72 applies frequency 
analysis of the corresponding data stream, using MDCT 35 
(Modified Discrete Cosine Transform) processing, to con- 
vert the data from time-axis samples into frequency 
components, and supplies the resultant analysed signal to a 
corresponding one of a set of six quantizers 73, with the 
quantized result being input to a multiplexer 74. In addition, 40 
each flow of single bit stream data is input to a bit allocation 
section 75, which generates auxiliary information for use in 
bit allocation, and supplies the information to a core bit 
allocation section 76. The respective output signals from the 
filter banks 72 are also input to a spectrum envelope encoder 45 
77 which derives differentially encoded data, obtained in the 
frequency domain, expressing the envelope of the frequency 
spectrum of the single bit stream data, and supplies these 
differential encoded data to the bit allocater 75 and also to 
the multiplexer 74. Based on the auxiliary information and 50 
on the differentially encoded data, the core bit allocating 
section 76 generates bit allocation information for each of 
the quantizers 73, and outputs this information to the respec- 
tive quantizers. Based on the bit allocation information 
thereby supplied, each of the quantizers 73 executes quan- 55 
tization of the input signal supplied from the corresponding 
one of the filter banks 72. By referring to the differentially 
encoded data and to the auxiliary information derived by the 
bit allocation section 75, the multiplexer 74 combines the 
data streams supplied from the respective quantizers 73 into 60 
a single digital signal, i.e. a flow of single bit stream data, 
and outputs this to the data converter 69. 

As a result, an acoustic masking characteristic is obtained, 
due to the allocation of core bits on the basis of the 
respective frequency spectrum envelopes corresponding to 65 
the six audio channels (L to RS). In addition, due to the fact 
that the bit allocating section 75 calculates auxiliary infor- 
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mation for logically ensuring maximum accuracy of bit 
allocation, encoded single bit stream data is obtained which 
has bits allocated in a manner ensuring maximum efficiency 
of encoding. 

The basic configuration and operation of a decoder appa- 
ratus for Dolby-AC-3 operation can be similar to those 
described for the first decoder apparatus embodiment of 
FIG. 3, with only the configuration of the audio decoder 29 
being different, as shown in the system block diagram of 
FIG. 12. With this encoder, the stream of encoded audio data 
supplied to the deformatting section, 41 from the system 
controller 32 is separated into the streams SA, SB of 
encoded PCM data and single bit stream data respectively. 
The PCM data SAare supplied to a Dolby-AC-3 decoder 78 
which executes Dolby-AC-3 decoding processing, to be 
converted to six streams of PCM data respectively corre- 
sponding to the audio channels L, C, R, S, LS and RS. These 
PCM data streams are input to respective ones of a set of six 
D/A converters 79, to thereby recover the six analog audio 
signals of the L, C, R, S, LS and RS channels from the PCM 
data. 

The single bit stream data SB are supplied to a channel 
separator 80, to be separated into six streams of PCM data 
respectively corresponding to the L, C, R, S, LS and RS 
audio channels. These streams are input to respective ones of 
a set of six LPFs 81, to thereby recover the six analog audio 
signals of the L, C, R, S, LS and RS channels from the single 
bit stream data. 

FIG. 13 is a functional block diagram for illustrating the 
operation of the Dolby-AC-3 decoder 78 of FIG. 12. The 
operation of this decoder is the inverse of that of the encoder 
shown in FIG. 11. The encoded PCM data SA from the 
deformatting section 41 are supplied to a demultiplexer 82, 
to be separated into six bit streams respectively correspond- 
ing to the six audio channels, which are supplied to respec- 
tive ones of a set of six dequantizers 83. In addition, the 
demultiplexer 82 extracts the aforementioned differentially 
encoded data which express the frequency spectrum enve- 
lope information, and the auxiliary information relating to 
bit allocation, and supplies these to the spectrum envelope 
decoder 84 and core bit allocating section 85 respectively. 
The core bit allocating section 85 utilizes decoded differen- 
tial data (which are derived by the spectrum envelope 
decoder 84 from the differentially encoded data) and the 
auxiliary information to generate bit allocation data, for 
determining the allocation of bits to each of the audio 
channels, and supplies the bit allocation data to each of the 
quantizers 83. Based on the bit allocation data thus received, 
each of the quantizers 83 performs dequantizing processing 
of the single bit stream data supplied thereto, and supplies 
the resultant data to a corresponding one of a set of six filter 
banks 86. Each of these filter banks 86 executes inverse 
MDCT processing, to convert the frequency data supplied 
thereto into PCM samples arrayed along the time axis, to 
thereby obtain the six streams of PCM data which are 
supplied to the D/A converters 79. 
(3) DTS System 

The DTS system is also a 6-channel form of multi- 
channel audio system, with the channels respectively des- 
ignated as L> C, R, SW, LS, and RS. Thus the requisite 
encoder apparatus and decoder apparatus can be regarded 
simply as modifications of the Dolby-AC-3 encoder appa- 
ratus and decoder apparatus described hereinabove, but with 
the encoder 68 of FIG. 10 and the decoder 78 of FIG. 12 
being reconfigured in accordance with the requirements of 
the DTS system rather than the Dolby-AC-3 system. In other 
respects, the configuration and operation can of each of the 
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encoder apparatus and decoder apparatus can be considered 
to be similar to those described for the Dolby-AC-3 embodi- 
ments. 

FIG. 14 is a functional block diagram of an encoder for 
use with the DTS system (i.e. corresponding to the Dolby- 5 
AC-3 encoder 68 shown in FIG. 10). In FIG. 14, each of the 
six streams of single bit stream data derived by the analog 
sigma-delta modulators 52 is input to a corresponding one of 
a set of encoding sections. Each of these has the internal 
configuration which is shown in FIG. 14 for the encoding 10 
section which receives the L-channel single bit stream data. 
This L-channel single bit stream data signal is input to a set 
of 32 band decimation filter banks 87, i.e. which contains 
banks of digital filters for converting the single bit stream 
data to 32 streams of sub-band samples, with each of these 15 
streams being supplied to corresponding one of a set of 32 
quantizi ng/ADPCM cir cuits, each formed of a vector quan- 
tizer 88 and an^ADEC^Adaptive Differential PCM) circuit 
89 as shown. ThejSptM circuit 89 executes adaptive 
quantization of the values of difference between the actual 20 
input signal and the predicted value of the input signal, while 
referring to quantized values of the actual input signal which 
are produced from the vector quantizer 88. 

The streams of quantized data from the AD PCM circuit 
89 and of quantized data from the vector quantizer 88 which 25 
are obtained for each of the sub-bands, and which are 
designated as the sub-band code data (Dsi) and the side 
information (Slfi) respectively (where "i" takes the values 1 
to 32 respectively, for the 32 sub-bands, as indicated in FIG. 
14) are supplied to a multiplexer 90. The multiplexer 90 30 
combines these 32 pairs of Dsi and Slfi data streams into a 
signal data stream, which is supplied to a corresponding one 
of a set of six code compression circuits 91. Each of these 
code compression circuits 91 performs code compression 
based upon the overshoot characteristics of the input data, 35 
and supplies the compressed data to a stream combining 
section 92, which combines the six streams of compressed 
code data from the code compression circuits 91 into a single 
encoded bit stream. The encoding processing described 
above is performed separately for each of the six audio 40 
channels. The encoded bit stream which is output from the 
stream combining section 92 is supplied to the data con- 
verter 69 shown in FIG. 10. 

FIG. 15 is a functional block diagram of an embodiment 
of a decoder according to the present invention for the DTS 45 
system, i.e. which constitutes the decoder 78 shown in FIG. 
12. The encoded PCM data stream (i.e. stream SA) which is 
extracted by the deformatting section 41 is input to a stream 
analyzer 93, to be analyzed and thereby separated into six 
data streams respectively corresponding to the six audio so 
channels. These are input to respective ones of a set of six 
code expansion and regeneration circuits 94, and the result- 
ant six streams of decompressed data are input to respective 
ones of a set of six channel decoding sections. Each of these 
channel decoding sections has an internal configuration 55 
which is identical to that shown in FIG. 15 for the channel 
decoding section which receives the encoded data corre- 
sponding to the audio L-channel. As shown, this cds is made 
up of a demultiplexer 95, a ADPCM decoder 96 and a 
32-band decimation filter banks 97. The demultiplexer 95 60 
separates the stream of data supplied thereto into 32 sets of 
DSi and Slfi data streams, respectively corresponding to the 
32 sub-bands. Each stream of DSi and Slfi data is supplied 
to a corresponding one of a set of 32 ADPCM decoders 96, 
to be converted to a stream of sub -band samples which is 65 
obtained by quantizing each difference between the actual 
input value and a predicted input value of data supplied to 



03/17/2004, EAST 



953 

28 

the ADPCM decoder 96. The resultant streams of sub-band 
samples are input to a 32-band decimation filter bank 97, 
which combines these 32 streams of sub-band samples to 
recover a stream of PCM data for the corresponding audio 
channel. 

In that way, the encoder of FIG. 15 converts the encoded 
bit stream (SA) derived by the deformatting section 41 into 
six streams of PCM data respectively corresponding to the 
six audio channels, which are then supplied to the D/A 
converters 79 shown in FIG, 12. 
(4) SDDS System 

The SDDS multi-channel audio system utilizes a total of 
8 audio channels, i.e. five front channels (L, LC, C, RC, R), 
a bass compensation channel (SW), and two rear channels 
(LS, RS). The overall configuration and operation of an 
embodiment of an encoder apparatus for applying the SDDS 
system to the present invention is shown in the system block 
diagram of FIG. 16. The operation and configuration of this 
embodiment differ from the first embodiment of an encoder 
apparatus shown in FIG. 1 with respect to the following 
points: 

(a) Since the system utilizes a total of eight audio 
channels, a corresponding set of eight LPFs 98 and 
eight analog sigma-delta modulators 99 are provided to 
respectively process the input analog audio signals. 

(b) Each of the data streams produced from the N analog 
sigma-delta modulators 99 is input to a SDDS encoder 
100, to be encoded by the SDDS method into a single 
data stream. 

(c) Single bit stream data are generated from each of the 
sigma-delta modulators 99 at a rate of 3.072 Mbps and 
are then subjected to bandwidth compression by a 
factor of l A, in an 8-channel digital filter circuit 101, 
and the resultant eight streams of single bit stream data 
are input to the formatting section 102. 

(d) The formatting section 102 allocates the stream of 
PCM data from the data converter 69 to the chO and chl 
data channels of the audio packets, and allocates the 
eight streams of compressed single bit stream data from 
the digital filter circuit 70 to the remaining 8 data 
channels. In addition the 8-channel digital filter clOl 
adds, to the ADI portion of each audio packet, discrimi- 
nation data which specifies that the audio data have 
been formatted using a supplementary stream mode 
(i.e. specifies the first of the two stream modes shown 
in Table 3), and also specifies that the recorded data 
consist of encoded multi-channel audio signals which 
are in accordance with the SDDS system. 

By comparison with the encoder apparatus embodiment 
used for the Dolby Surround system, shown in FIG. 6, the 
above encoder apparatus for the SDDS system differs in that 
a SDDS encoder 100 is utilized, in that the digital filter 
circuit 101 executes bandwidth compression by a factor of 
Vi, and in that the formatting section 102 inserts different 
information into the discrimination data of the ADI portions 
of the audio packets. In other respects, the configuration and 
operation are very similar to that of the Dolby Surround 
encoder apparatus of FIG. 6. 

The reason for applying a bandwidth compression factor 
of Ya to the single bit stream data from the analog sigma- 
delta modulators 99 is as follows. Since the SDDS system 
uses eighth audio channels, applying bandwidth compres- 
sion by such a factor ensures that the ratio of the rate of 
generating encoded PCM data which are input to the for- 
matting section 102 to the rate at which the compressed 
single bit stream data are supplied to the formatting section 
102 will become 2:8, i.e. a ratio which enables the single bit 
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stream data and PCM data to be conveyed together by the 
stream of audio packets generated by the formatting section 
102 as described above for preceding embodiments. 

FIG, 17_is a f unctional block dia g ram of the SDD S 
encoder 100. The SDDS e n coder 100 uses an ATRAC 
encoHings ectiorriO S to encode each of the streams of single 
Uifstream data produced "from the analog sigma-delta moclu - 
Iators~'997 tcT~uWebT~compr ess the data by a factor of 
approximately "Vs. ~The~resultant eight compres sed data 
streams are^inpuftb a formatting section 104, wrJicTTadds 
timing information to the compressed data, and combines 
the resultant data into a single encoded bit stream . 

The ATRAC encoding section 103 classifies the input data 
into three categories, i.e. a high-frequency region, and 
intermediate-frequency region and a low-frequency region, 
with MDCT processing being applied to transform the input 
data into data of these respective categories in the frequency 
domain. High-efficiency encoding of the resultant data is 
then executed, based on acoustic principles, through data 
management which utilizes minimum audibility character- 
is tics and foe masl q'ng, effect, 

A decoder apparatus corresponding to the above encoder 
apparatus can have substantially the same basic configura- 
tion as the first encoder apparatus embodiment of FIG. 3. 
However the configuration of the audio decoder 29 of a 
decoder apparatus for SDDS encoded data is different from 
that of FIG. 3, with an embodiment being shown in FIG. 18. 
The operation of this decoder apparatus is as follows. As in 
FIG. 3, the stream of encoded data supplied to the defor- 
matting section 41 from the system controller 32 is separated 
into the streams SA, SB of encoded PCM data and single bit 
stream data respectively. The SDDS-encoded PCM data SA 
are supplied to a SDDS decoder 105 which executes SDDS 
decoding processing, to be converted to eight streams of 
PCM data respectively corresponding to the audio channels 
L, LC, C, RC, R, SW, LS and RS. These PCM data streams 
are input to respective ones of a set of eight D/A converters 
106, to thereby recover the eight analog audio signals of the 
L, LC, C, RC, R, SW, LS and RS channels from the PCM 
data. 

The single bit stream data SB are supplied to a channel 
separator 107, to be separated into six streams of PCM data 
respectively corresponding to the L, LC, C, RC, R, SW, LS 
and RS audio channels. These streams are input to respective 
ones of a set of six LPFs 108, to thereby recover the six 
analog audio signals of the L, LC, C, RC, R, SW, LS and RS 
channels from the single bit stream data. 

FIG. 19 is a functional block diagram for illustrating the 
operation of the SDDS decoder 105 of FIG. 18. In FIG. 19, 
the deform atting section 109 performs deformatting pro- 
cessing which reverses the processing executed by the 
formatting section 104 of FIG. 17. The resultant streams of 
deformatted SDDS-encoded data are input to an ATRAC 
decoding section 110, to recover eight channels of PCM data 
respectively corresponding to the eight audio channels, 
which are supplied to an equalizer filter section 111 to apply 
compensation. The resultant eight PCM data streams are 
supplied to respective ones of the D/A converters 106 shown 
in FIG. 18. 

For each of the eight channels, the ATRAC decoding 
section 110 restores the three categories of frequency 
domain data (i.e. high-frequency region, intermediate- 
frequency region and low-frequency region data) to the time 
domain, as streams of samples along the time axis, by 
applying inverse MDCT processing. The high-frequency 
region data are then passed through a delay filter, while the 
intermediate-frequency region and low-frequency region 
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data are combined by a combining filter, then the delayed 
high-frequency region data and the combined intermediate- 
frequency region and low-frequency region data are com- 
bined by a second combining filter, to thereby execute 

5 decoding to recover a stream of time-axis data, i.e. PCM 
data for an audio channel. 

From the above description of preferred embodiments, it 
can be understood that the present invention provides the 
following advantages: 

10 Firstly, the invention provides a new type of optical 
recording disk whose specification are based directly on the 
audio specifications which are set out in the DVD standards, 
but which conveys audio signals recorded as single bit 
stream data, while also conveying these same audio signals 

15 recorded in the conventional manner as PCM data (i.e. with 
the sampling frequency being 48 kHz). Although such single 
bit stream data and PCM data expressing an audio signal are 
generated at respectively different bit rates, respective 
recording channel capacities are allocated in accordance 

20 with these respective bit rates, thereby enabling both types 
of data to be conveyed together in stream of audio packets 
which are basically as specified in the DVD standards. In 
that way the disadvantages of PCM recording of audio 
signals, with regard to reproduction bandwidth and signal/ 

25 noise ratio, can be overcome when such a optical recording 
disk is played using a playback apparatus which is capable 
of decoding the single bit stream data, i.e. it becomes 
possible to provide a DVD playback apparatus which can 
function both as a very high-fidelity audio reproduction 

30 apparatus and also as an audio-visual presentation apparatus 
(when playing conventional types of DVD). 

However in addition, existing types of DVD playback 
apparatus can be easily modified (i.e. by a minor alteration 
to a system control program) to play such optical recording 

35 disks, with audio signals being recovered from the playback 
PCM data through the same process as for conventional 
DVDs. 

Secondly, with such an audio optical recording disk it 
becomes possible to record audio data as the aforementioned 

40 single bit stream data and also as PCM data at a sampling 
frequency of 44.1 kHz. By periodically inserting appropriate 
numbers of PCM data padding bits, it is again ensured that 
the respective bit rates of the PCM data and the single bit 
stream data are matched to the channel capacities assigned 

45 to the two types of data in the stream of audio packets. In that 
case, since the usual sampling frequency employed for 
conventional CDs is 44.1 kHz, the playback PCM data 
obtained from such an audio optical recording disk is 
compatible with existing audio equipment designed for CD 

50 playback applications. 

Thirdly, an audio optical recording disk according to the 
present invention is applicable to recording encoded audio 
signals which are generated by various different types of 
multi-channel audio system, i.e. whereby encoding is 

55 executed to combine a number of audio signals into a pair of 
signals or a single signal, prior to recording. With the present 
invention, all of the audio channel signals can be separately 
recorded directly as respective single bit stream data signals, 
thereby ensuring that very high fidelity of reproduction 

60 becomes possible, while in addition the pair of signals or 
single signal that is obtained by combining the multi- 
channel audio signals is recorded in the form of PCM data. 
Hence, it becomes possible with such an audio optical 
recording disk to select either playback data which provide 

65 maximum fidelity of reproduction or playback data which 
are compatible with existing types of multi-channel (PCM) 
playback apparatus. Examples of multi-channel audio sys- 
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tems to which the present invention is thus applicable are the 
Dolby Surround system, the Dolby-AC-3 system, the DTS 
system, the SDDS system, etc. 

Moreover, the invention provides encoding and decoding 
apparatus embodiments for recording such multi-channel 5 
audio signals whereby encoding of the multi-channel audio 
signals to combine these into a single signal or a pair of 
signals prior to recording (and subsequent decoding at the 
time of playback) is performed entirely by digital 
processing, rather than by the conventional analog process- 10 
ing techniques. The well-known advantages of digital pro- 
cessing can thereby be attained, in addition to the other 
advantages provided by the invention. 

What is claimed is: 

1. An optical recording disk having recorded thereon 15 
successive portions of a stream of digitally encoded audio 
data, as respective audio data portions of successive audio 
packets, in a stream mode which is supplementary to exist- 
ing stream modes having from 1 to 8 data channels that are 
established for audio packets recorded in PCM form in 20 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, wherein first and second 25 
ones of said 10 data channels respectively convey left (L) 
and right (R) channel analog audio signals respectively 
encoded as pulse code modulation (PCM) data streams with 
said fixed number of bits per data sample, and a remaining 

8 of said data channels convey said L channel analog audio 30 
signal and said R channel analog audio signal encoded by 
sigma-delta modulation as respective streams of single bit 
stream data, and wherein each of said audio packets includes 
an AD1 (Audio Data Information) portion containing dis- 
crimination data to be detected by a decoder apparatus for 35 
judging whether said audio data portion of said audio packet 
has been recorded in said supplementary stream mode. 

2. An optical recording disk according to claim 1, wherein 
said PCM data have been encoded at a sampling frequency 

of 48 kHz, and said single bit stream data have been encoded 40 
at a bit frequency of 3.072 Mbps when said fixed number of 
bits has been set as 16 and have been encoded at a bit 
frequency of 3.840 Mbps when said fixed number of bits has 
been set as 20. 

3. An optical recording disk according to claim 1, wherein 45 
said PCM data have been encoded at a sampling frequency 

of 44.1 kHz and said single bit stream data have been 
encoded at a bit frequency of 3.072 Mbps when said fixed 
number of bits has been set as 16 and have been encoded at 
a bit frequency of 3.840 Mbps when said fixed number of 50 
bits has been set as 20, and wherein a number of audio data 
bits of said PCM data of each of said first and second data 
channels in each of said audio data portions has been made 
equal to a total number of bits of said PCM data multiplied 
by a factor (44.1/48), through insertion of a predetermined 55 
number of padding bits in said PCM data of each of said first 
and second data channels, and wherein said discrimination 
data of each said ADI portion further contains sampling 
frequency indication data specifying that said PCM data 
have been generated at a sampling frequency of 44.1 kHz. 60 

4. An encoder apparatus for generating a recording signal 
for recording audio data on an optical recording disk as a 
sequence of audio packets containing respective audio 
portions, said audio portions being configured in a stream 
mode which is supplementary to existing stream modes 65 
having from 1 to 8 data channels that are established for 
audio packets recorded in PCM form in accordance with a 
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DVD (Digital Video Disk) standard, said supplementary 
stream mode comprising a cyclically recurring sequence of 
10 sets of a fixed number of bits, where said fixed number 
is either 16 or 20, said sets respectively corresponding to 10 
data channels, wherein first and second ones of said 10 data 
channels respectively convey left (L) and right (R) channel 
analog audio signals respectively encoded as pulse code 
modulation (PCM) data streams with said fixed number of 
bits per data sample, and a remaining 8 of said data channels 
convey said L channel analog audio signal and said R 
channel analog audio signal encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, and 
wherein each of said audio packets includes an ADI (Audio 
Data Information) portion containing discrimination data to 
be detected by a decoder apparatus forjudging whether said 
audio data portion of said audio packet has been recorded in 
said supplementary stream mode, 
said encoder apparatus comprising: 
first and second sigma-delta modulator means (3, 4) for 
respectively converting said L channel analog audio 
signal and R channel analog audio signal to first and 
second streams of single bit stream data, 
data converter means (5, 6) for converting said first and 
second streams of single bit stream data to respective 
first and second PCM data streams with said fixed 
number of bits per data sample, and 
formatting means (7) for generating each of said audio 
data portions for respective audio packets by assigning 
respective bits of said first and second PCM data 
streams to said first and second channels, and assigning 
respective bits of said first and second streams of single 
bit stream data to said remaining 8 sets of said 10 data 
channels, for generating said ADI portion of said audio 
packet, containing said discrimination data, and for 
attaching said ADI portion to said audio data portion. 

5. An encoder apparatus according to claim 4, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and are encoded at a bit frequency of 3.840 
Mbps when said fixed number of bits has been set as 20. 

6. An encoder apparatus for generating a recording signal 
for recording audio data on an optical recording disk as a 
sequence of audio packets containing respective audio 
portions, said audio portions being configured in a stream 
mode which is supplementary to existing stream modes 
having from 1 to 8 data channels that are established for 
audio packets recorded in PCM form in accordance with a 
DVD (Digital Video Disk) standard, said supplementary 
stream mode comprising a cyclically recurring sequence of 
10 sets of a fixed number of bits, where said fixed number 
is either 16 or 20, said sets respectively corresponding to 10 
data channels, wherein first and second ones of said 10 data 
channels respectively convey left (L) and right (R) channel 
analog audio signals respectively encoded as pulse code 
modulation (PCM) data streams with said fixed number of 
bits per data sample, and a remaining 8 of said data channels 
convey said L channel analog audio signal and said R 
channel analog audio signal encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, and 
wherein each of said audio packets includes an ADI (Audio 
Data Information) portion containing discrimination data to 
be detected by a decoder apparatus forjudging whether said 
audio data portion of said audio packet has been recorded in 
said supplementary stream mode, wherein said PCM data 
have been encoded at a sampling frequency of 44.1 kHz, and 
said single bit stream data have been encoded at a bit 
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frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and have been encoded at a bit frequency of 
3.840 Mbps when said fixed number of bits has been set as 
20, and wherein a number of audio data bits of said PCM 
data of each of said first and second data channels in each of 5 
said audio data portions has been made equal to a total 
number of bits of said PCM data multiplied by a factor 
(44.1/48), through insertion of a predetermined number of 
padding bits in said PCM data of each of said first and 
second data channels, and wherein said discrimination data 10 
of each said ADI portion further contains sampling fre- 
quency indication data to be detected by a decoder apparatus 
for judging whether said PCM data have been generated at 
a sampling frequency of 44.1 kHz, 
said encoder apparatus comprising: 15 
first and second sigma-delta modulator means (3, 4) for 
respectively converting said L channel and R channel 
analog audio signals to first and second streams of 
single bit stream data, 
data converter means (5, 6) for converting said first and 
second streams of single bit stream data to respective 
first and second PCM data streams at said sampling 
frequency of 44.1 kHz and with said fixed number of 
bits per data sample, and ^ 
formatting means (7) for generating each of said audio 
data portions of respective audio packets by assigning 
respective bits of said first and second PCM data 
streams and said padding bits to said first and second 
channels, and assigning respective bits of said first 30 
single bit stream data and second single bit stream data 
to said remaining 8 sets of said 10 data channels, for 
generating said ADI portion of said audio packet, 
containing said d^rimination data, and for attaching 
said ADI portion to said audio data portion. 35 
7. A decoder apparatus for operating on a playback data 
stream read from an optical recording disk having recorded 
thereon successive portions of a stream of digitally encoded 
audio data, as respective audio data portions of successive 
audio packets, in a stream mode which is supplementary to 4Q 
existing stream modes having from 1 to 8 data channels that 
are established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of .10 sets of a fixed number of bits, where said 45 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, wherein first and second 
ones of said 10 data channels respectively convey left (L) 
and right (R) channel analog audio signals respectively 
encoded as pulse code modulation (PCM) data streams with 50 
said fixed number of bits per data sample, and a remaining 
8 of said data channels convey said L channel analog audio 
signal and said R channel analog audio signal encoded by 
sigma-delta modulation as respective streams of single bit 
stream data, and wherein each of said audio packets includes ss 
an ADI (Audio Data Information) portion containing dis- 
crimination data specifying that said audio data portion of 
said audio packet has been recorded in said supplementary 
stream mode, wherein said PCM data have been encoded at 
a sampling frequency of 48 kHz, and said single bit stream 60 
data have been encoded at a bit frequency of 3.072 Mbps 
when said fixed number of bits has been set as 16 and have 
been encoded at a bit frequency of 3.840 Mbps when said 
fixed number of bits has been set as 20 

said decoder apparatus comprising 65 
mode setting means (30, 32) for selectively setting a PCM 
decoding mode and a single bit stream decoding mode, 
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discrimination means (22, 32) for detecting said discrimi- 
nation data of said ADI portions of said playback data 
stream, and for judging said discrimination data to 
determine whether said optical recording disk has audio 
data recorded thereon in said supplementary stream 
mode, 

deformatting means (41) functioning, when said discrimi- 
nation means has determined that said optical recording 
disk has audio data recorded thereon in said supple- 
mentary stream mode, to separate said PCM data 
conveyed by said first and second data channels and 
said single bit stream conveyed by said remaining 8 
data channels of said playback data stream into a first 
output data stream (SA) and second output data stream 
(SB) respectively, and for producing only said first 
output data stream (SA) when said PCM decoding 
mode has been set and producing only said second 
output data stream (SB) when said single bit stream 
decoding mode has been set, 
first channel separator means (42) for separating and 
processing said first output data stream (SA) into a 
stream of PCM data corresponding to said L channel 
analog audio signal and a stream of PCM data corre- 
sponding to said R channel analog audio signal, 
first and second D/A (Digital-to-Analog) converter means 
(44, 45) for respectively converting said streams of 
PCM samples corresponding to said L channel analog 
audio signal and R channel analog audio signal to said 
L and R channel analog audio signals respectively, 
second channel separator means (43) for separating and 
processing said second output data stream (SB) into a 
stream of single bit stream data corresponding to said 
L channel analog audio signal and a stream of single bit 
stream data corresponding to said R channel analog 
audio signal, and 
first and second low-pass filters (46, 47) for respectively 
converting said streams of single bit stream corre- 
sponding to said L channel analog audio signal and R 
channel analog audio signal to said L channel and R 
channel analog audio signals. 
8. An optical recording disk having recorded thereon 
successive portions of a stream of digitally encoded audio 
data, as respective audio data portions of successive audio 
packets, in a stream mode which is supplementary to exist- 
ing stream modes having from 1 to 8 data channels that are 
established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, first (Lt) and second (Rt) 
combination channel signals which in combination 
convey three front channel (L, C, R) analog audio 
signals and one rear channel (R) analog audio signal, 
with said front channel and rear channel analog audio 
signals having been encoded to form said first (Lt) and 
second (Rt) combination channel signals by the Dolby 
Surround encoding method, 
wherein a remaining 8 of said data channels convey said 
three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit stream data, and 
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wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data to be detected by a decoder apparatus for 
judging whether said audio data portion of said audio 
packet has been recorded in said supplementary stream 
mode and whether said first and second combination 
channel signals have been generated by the Dolby 
Surround encoding method. 

9. An optical recording disk according to claim 8, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and are encoded at a bit frequency of 3.840 
Mbps when said fixed number of bits has been set as 20. 

10. An encoder apparatus for generating a recording 
signal for recording audio data on an optical recording disk 
having recorded thereon successive portions of a stream of 
digitally encoded audio data, as respective audio data por- 
tions of successive audio packets, in a stream mode which 
is supplementary to existing stream modes having from 1 to 
8 data channels that are established for audio packets 
recorded in PCM form in accordance with a DVD (Digital 
Video Disk) standard, said supplementary stream mode 
comprising a cyclically recurring sequence of 10 sets of a 
fixed number of bits, where said fixed number is either 16 or 
20, said sets respectively corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, first (Lt) and second (Rt) 
combination channel signals which in combination 
convey three front channel (L, C, R) analog audio 
signals and one rear channel (R) analog audio signal, 
with said front channel and rear channel analog audio 
signals having been encoded to form said first (Lt) and 
second (Rt) combination channel signals by the Dolby 
Surround encoding method, 

wherein a remaining 8 of said data channels convey said 
three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit stream data, 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of 
said audio packet has been recorded in said supple- 
mentary stream mode and specifying that said first and 
second combination channel signals have been gener- 
ated by the Dolby Surround encoding method, 

said encoder apparatus comprising 

sigma-delta modulator means (52) for converting said 
three front channels (L, C, R) analog audio signals and 
one rear channel (R) analog audio signal to respective 
ones of 4 streams of single bit stream data, 

encoding means (53) for encoding said streams of single 
bit stream data to form said first and second combina- 
tion channel signals (Lt, Rt) as respective streams of 
single bit stream data, by the Dolby Surround encoding 
method, 

first and second data converter means (54, 56) for con- 
verting said first and second combination channel sig- 
nals (Lt, Rt) to respective first and second PCM data 
streams with said fixed number of bits per data sample, 

bandwidth compression means (57) for applying band- 
width compression by a factor of Vi to each of said 4 
streams of single bit stream data, and 

formatting means (58) for generating each of said audio 
data portions of respective audio packets by assigning 
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respective bits of said first and second PCM data 
streams to said first and second data channels and 
assigning respective bits of said 4 streams of single bit 
stream data to said remaining 8 data channels, for 
generating said ADI portion of said audio packet, 
containing said discrimination data, and for attaching 
said ADI portion to said audio data portion. 

11. An encoder apparatus according to claim 10, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3 .072 Mbps when said fixed number of bits has 
been set as 16 and are encoded at a bit frequency of 3.840 
Mbps when said fixed number of bits has been set as 20. 

12. A decoder apparatus for operating on a playback data 
stream read from an optical recording disk having recorded 
thereon successive portions of a stream of digitally encoded 
audio data, as respective audio data portions of successive 
audio packets, in a stream mode which is supplementary to 
existing stream modes having from 1 to 8 data channels that 
are established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, first (Lt) and second (Rt) 
combination channel signals which in combination 
convey three front channel (L, C, R) analog audio 
signals and one rear channel (R) analog audio signal, 
with said front channel and rear channel analog audio 
signals having been encoded to form said first (Lt) and 
second (Rt) combination channel signals by the Dolby 
Surround encoding method, 

wherein a remaining 8 of said data channels convey said 
three front channel and single rear channel analog 
audio signals encoded by sigma-delta modulation as 
respective streams of single bit stream data, and 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of 
said audio packet has been recorded in said supple- 
mentary stream mode and specifying that said first and 
second combination channel signals have been gener- 
ated by the Dolby Surround encoding method, 

wherein said decoder apparatus comprises 

mode setting means (30, 32) for selectively setting a PCM 
decoding mode and a single bit stream decoding mode, 

discrimination means (22, 32) for detecting said discrimi- 
nation data of said ADI portions of said playback data 
stream, and for judging said discrimination data to 
determine whether said optical recording disk has audio 
data recorded thereon in said supplementary stream 
mode and whether said audio data include said Dolby 
Surround encoded data, 

deformatting means (41) functioning, when said discrimi- 
nation means has determined that said optical recording 
disk has audio data recorded thereon in said supple- 
mentary stream mode and that said recorded data 
include said Dolby Surround encoded data, to separate 
said PCM data conveyed by said first and second data 
channels and said single bit stream data conveyed by 
said remaining 8 data channels of said playback data 
stream into a first output data stream (SA) and second 
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output data stream (SB) respectively, and for producing 
only said first output data stream (SA) when said PCM 
decoding mode has been set and producing only said 
second output data stream (SB) when said single bit 
stream decoding mode has been set, 5 

first channel separator means (59) for separating and 
processing said first output data stream (SA) to obtain 
said first combination channel signal (Lt) and second 
combination channel signal (Rt) as respective PCM 
data streams, 10 

decoding means (60) for decoding said first and second 
combination channel signals to obtain four PCM data 
streams respectively corresponding to said four channel 
(L, C, R, S) analog audio signals, 

(digital-to-analog) converter means (61) for converting 
said four PCM data streams to said four channel (L, C, 
R, S) analog audio channel signals respectively, 

second channel separator means (62) for separating and 
processing said second output data stream (SB) into 2Q 
four streams of single bit stream data respectively 
corresponding to said four channel (L, C, R, S) analog 
audio signals, and 

low-pass filter means (63) for converting said four 
streams of single bit stream data to said four channel 25 
(L, C, R, S) analog audio signals. 

13. An optical recording disk having recorded thereon 
successive portions of a stream of digitally encoded audio 
data, as respective audio data portions of successive audio 
packets, in a stream mode which is supplementary to exist- 30 
ing stream modes having from 1 to 8 data channels that are 
established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 35 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as pulse code modulation 
(PCM) data with said fixed number of bits per data 40 
sample, a stream of combination audio data derived by 
encoding N-channel analog audio signals using a pre- 
determined audio channel encoding method, where N is 
fixed plural integer, 

wherein a remaining 8 of said data channels convey said 45 
combination audio data, encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, 
and 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 50 
nation data to be detected by a decoder apparatus for 
judging whether said audio data portion of said audio 
packet has been recorded in said supplementary stream 
mode and whether said packet conveys combination 
audio data which have been generated by said prede- 55 
termined audio channel encoding method. 

14. An optical recording disk according to claim 13, 
wherein said PCM data are encoded at a sampling frequency 
of 48 kHz, and said single bit stream data are encoded at a 
bit frequency of 3.072 Mbps when said fixed number of bits 60 
has been set as 16 and are encoded at a bit frequency of 
3.840 Mbps when said fixed number of bits has been set as 
20. 

15. An optical recording disk according to claim 13, 
wherein said predetermined audio channel encoding method 65 
is in accordance with the Dolby AC-3 multichannel audio 
system. 



16. An optical recording disk according to claim 13, 
wherein said predetermined audio channel encoding method 
is in accordance with the DTS (Digital Theater System) 
multichannel audio system. 

17. An optical recording disk according to claim 13, 
wherein said predetermined audio channel encoding method 
is in accordance with the SDDS (Sony Dynamic Digital 
Sound) multichannel audio system. 

18. An encoder apparatus for generating a recording 
signal for recording audio data on an optical recording disk 
having recorded thereon successive portions of a stream of 
digitally encoded audio data, as respective audio data por- 
tions of successive audio packets, in a stream mode which 
is supplementary to existing stream modes having from 1 to 
8 data channels that are established for audio packets 
recorded in PCM form in accordance with a DVD (Digital 
Video Disk) standard, said supplementary stream mode 
comprising a cyclically recurring sequence of 10 sets of a 
fixed number of bits, where said fixed number is either 16 or 
20, said sets respectively corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, a stream of combination audio 
data derived by encoding N-channel analog audio sig- 
nals using predetermined audio channel encoding 
method, where N is a fixed plural integer, 

wherein a remaining 8 of said data channels convey said 
combination audio data, encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, 
and 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of 
said audio packet has been recorded in said supple- 
mentary stream mode and specifying that said packet 
conveys combination audio data which have been gen- 
erated by said predetermined audio channel encoding 
method, 

said encoder apparatus comprising 

sigma-delta modulation means (52) for converting said 
N-channel analog audio signals to respective streams of 
single bit stream data, 

encoding means (68) for encoding said streams of single 
bit stream data to form said combination audio data, by 
said predetermined audio channel encoding method, 

data converter means (69) for converting said combina- 
tion audio data stream to a PCM data stream with said 
fixed number of bits per data sample, 

bandwidth compression means (70) for applying band- 
width compression by a factor of 2/N to each of said, 
streams of single bit stream data, and, 

formatting means (71) for generating each of said audio 
data portions of respective atidio packets by assigning 
respective bits of said first and second PCM data 
streams to said first and second data channels and 
assigning respective bits of each of said streams of 
single bit stream data to said remaining 8 data channels, 
for generating said ADI portion of said audio packet, 
containing said discrimination data, and for attaching 
said ADI portion to said audio data portion. 

19. An encoder apparatus according to claim 18, wherein 
said PCM data are encoded at a sampling frequency of 48 
kHz, and said single bit stream data are encoded at a bit 
frequency of 3.072 Mbps when said fixed number of bits has 
been set as 16 and are encoded at a bit frequency of 3.840 
Mbps when said fixed number of bits has been set as 20. 
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20. A decoder apparatus for operating on a playback data 
stream read from an optical recording disk having recorded 
thereon successive portions of a stream of digitally encoded 
audio data, as respective audio data portions of successive 
audio packets, in a stream mode which is supplementary to 
existing stream modes having from 1 to 8 data channels that 
are established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 
ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, 

wherein first and second ones of said 10 data channels 
respectively convey, encoded as respective pulse code 
modulation (PCM) data streams with said fixed number 
of bits per data sample, a stream of combination audio 
data derived by encoding N-channel analog audio sig- 
nals using a predetermined audio channel encoding 
method, where N is a fixed plural integer, 
wherein a remaining 8 of said data channels convey said 
combination audio data, encoded by sigma-delta modu- 
lation as respective streams of single bit stream data, 
and 

wherein each of said audio packets includes an ADI 
(Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of 
said audio packet has been recorded in said supple- 
mentary stream mode and specifying that said packet 
conveys combination audio data which have been gen- 
erated by said predetermined audio channel encoding 
method, 

wherein said decoder apparatus comprises 

mode setting means (30, 32) for selectively setting a PCM 
decoding mode and a single bit stream decoding mode, 

discrimination means (22, 32) for detecting said discrimi- 
nation data of said ADI portions of said playback data 
stream, and for judging said discrimination data to 
determine whether said optical recording disk has audio 
data recorded thereon in said supplementary stream 
mode and whether said audio data include combination 
audio data encoded by said predetermined audio chan- 
nel encoding method, 

deformatting means (41) functioning, when said discrimi- 
nation means has determined that said optical recording 
disk has audio data recorded thereon in said supple- 
mentary stream mode and that said recorded data 
include said combination audio data encoded by said 
predetermined audio channel encoding method, to 
separate said PCM data conveyed by said first and 
second data channels and said single bit stream data 
conveyed by said remaining 8 data channels of said 
playback data stream into a first output data stream 
(SA) and second output data stream (SB) respectively, 
and for producing only said first output data stream 
(SA) when said PCM decoding mode has been set and 
producing only said second output data stream (SB) 
when said single bit stream decoding mode has been 
set, 

decoding means (78) for operating on said first output 
data stream (SA) to obtain N streams of PCM audio 
data respectively corresponding to said N-channel ana- 
log audio signals, 

N-channel analog-to-digital converter means (79) for con- 
verting said N channels of PCM audio data to said 
N-channel analog audio signals, 

channel separator means (80) for separating and process- 
ing said second output data stream (SB) into N streams 



0,953 

40 

of single bit stream data respectively corresponding to 
said N-channel analog audio signals, and 
N low-pass filters (81) for respectively converting said N 
streams of single bit stream data to said N channel 
5 analog audio signals. 

21. An optical recording disk having recorded thereon 
successive portions of a stream of digitally encoded audio 
data, utilizing a stream mode which combines pulse code 
modulation (PCM) data and single bit stream data, wherein 

10 said stream comprises a cyclically recurring sequence of N 
sets of B bits where N and B are respective fixed values, said 
sets respectively corresponding to N data channels, wherein 
first and second ones of said N data channels respectively 
convey left (L) channel (R) channel analog audio signals 

15 respectively encoded as pulse code modulation (PCM) data 
with B bits per data sample, a first half of remaining (N-2) 
of said data channels convey said L channel analog audio 
signal encoded by sigma-delta modulation as single bit 
stream data, and a second half of said remaining (N-2) data 

20 channels convey said R analog audio signal channel encoded 
as single bit stream data, and wherein each of said sets of B 
bits is linked to an ADI (Audio Data Information) portion 
containing discrimination data to be detected by a decoder 
apparatus for judging whether said each set of B bits 

25 conveys audio data in said stream mode. 

22. A decoder apparatus for operating on a playback data 
stream read from an optical recording disk having recorded 
thereon successive portions of a stream of digitally encoded 
audio data, as respective audio data portions of successive 

30 audio packets, in a stream mode which is supplementary to 
existing stream modes having from 1 to 8 data channels that 
are established for audio packets recorded in PCM form in 
accordance with a DVD (Digital Video Disk) standard, said 
supplementary stream mode comprising a cyclically recur- 

35 ring sequence of 10 sets of a fixed number of bits, where said 
fixed number is either 16 or 20, said sets respectively 
corresponding to 10 data channels, wherein first and second 
ones of said 10 data channels respectively convey left (L) 
and right (R) channel analog audio signals respectively 

40 encoded as pulse code modulation (PCM) data streams with 
said fixed number of bits per data sample, and a remaining 
8 of said data channels convey said L channel analog audio 
signal and said R channel analog audio signal encoded by 
sigma-delta modulation as respective streams of single bit 

45 stream data, wherein each of said audio packets includes an 
ADI (Audio Data Information) portion containing discrimi- 
nation data specifying that said audio data portion of said 
audio packet has been recorded in said supplementary 
stream mode, wherein said PCM data have been encoded at 

50 a sampling frequency of 44.1 kHz, and said single bit stream 
data have been encoded at a bit frequency of 3.072 Mbps 
when said fixed number of bits has been set as 16 and have 
been encoded at a bit frequency of 3.840 Mbps when said 
fixed number of bits has been set as 20, and wherein a 

55 number of audio data bits of said PCM data of each of said 
first and second data channels in each of said audio data 
portions has been made equal to a total number of bits of said 
PCM data multiplied by a factor (44.1/48), through insertion 
of a predetermined number of padding bits in said PCM data 

60 of each of said first and second data channels, and wherein 
said discrimination data of each said ADI portion further 
contains sampling frequency indication data specifying that 
said PCM data have been generated at a sampling frequency 
of 44.1 kHz, 

65 said decoder apparatus comprising 

mode setting means (30, 32) for selectively setting a PCM 
decoding mode and a single bit stream decoding mode, 
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discrimination means (22, 32) for detecting said discrimi- 
nation data of said ADI portions of said playback data 
stream, and for judging said discrimination data to 
determine whether said optical recording disk has audio 
data recorded thereon in said supplementary stream 
mode, 

deformatting means (41) functioning, when said discrimi- 
nation means has determined that said optical recording 
disk has audio data recorded thereon in said supple- 
mentary stream mode, to separate said PCM data 
conveyed by said first and second data channels and 
said single bit stream data conveyed by said remaining 
8 data channels of said playback data stream into a first 
output data stream (SA) and second output data stream 
(SB) respectively, and for producing only said first 
output data stream (SA) when said PCM decoding 
mode has been set and producing only said second 
output data stream (SB) when said single bit stream 
decoding mode has been set, 

first channel separator means (42) for separating and 
processing said first output data stream (SA) into a 
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stream of PCM data corresponding to said L channel 
analog audio signal and a stream of PCM data corre- 
sponding to said R channel analog audio signal, 

first and second D/A(Digital-to-Analog) converter means 
(44, 45) for respectively converting said streams of 
PCM samples corresponding to said L channel analog 
audio signal and R channel analog audio signal to said 
L and R channel analog audio signals respectively, 

second channel separator means (43) for separating and 
processing said second output data stream (SB) into a 
stream of single bit stream data corresponding to said 
L channel analog audio signal and a stream of single bit 
stream data corresponding to said R channel analog 
audio signal, and 

first and second low-pass filters (46, 47) for respectively 
converting said streams of single bit stream data cor- 
responding to said L channel analog audio signal and R 
channel analog audio signal to said L channel and R 
channel analog audio signals. 
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